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Introduction. 



TN 1843, Freiherr von Wrede, impressed with the work done 
-^ by Lamont in determining the characteristic elements of 
the earth's magnetic field with his newly invented theodolite, 
was the first to realize that by measuring the changes in the 
earth's normal field, caused by the presence of magnetic ore 
deposits, the location and extent of these ore deposits might be 
determined. 

Nothing was done by him, however, to carry this thought 
into execution, nor was his method published until he became 
acquainted with Professor Robert Thal^n's publication in 1879 : 
" On thjB Examination of Iron Ore Deposits by Magnetic Measure- 
ments." This publication laid the foundation for the practice 
of the magnetometric method in the field. 

As experience accumulated, new methods were invented, 
giving better results, or solving new problems. The old mag- 
netometer also became transformed by reconstruction, which 
permitted the use of the compass as a Tiberg inclinator, into the 
convenient field instrument — the Thal^n-Tiberg magnetometer 
— as now furnished by the Swedish mechanicians.* To these 
instrumental appliances for magnetic surveys of ore deposits 
has recently f been added the Thomson-ThaMn magnetometer, 
which, based upon a zero method, especially facilitates the 
determination of the distribution of the vertical intensity over 
mametic ore fields. 

In the hands of experts, furnished with such instruments, 
the Swedish methods yield data from which magnetic ore bodies 
may be located, and in many cases their strike, direction of dip, 
and depth below the surface determined. 



* Instrumentmakar, J. Fr. Berg", Stockholm, 
t 1899. 
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That so valuable a method should fail of recognition in 
other countries, and be confined in its application almost alto- 
gether to Sweden, led the late Professor Nordenstrom, of Stock- 
holm,* to express himself as follows : " It is astonishing that 
people in these countries" (referring to European countries 
other than Sweden) "have not already learned to appreciate 
the great advantages which are offered the practical miner by 
the use of magnetic instruments." 

As late as March, 1899, P. Uhlich states f that nothing had 
appeared on this subject in German literature except an article 
in 1879 by A. Felix, on Thal6n*s method. This also is the case 
as regards the English literature on the subject, no detailed 
account of the Swedish method having yet appeared in the 
English language. What has been published contains so meagre 
an account, and is so fragmentary, that it is useless for purposes 
of instruction. 

In view of this, it occurred to me that a service might be 
rendered the mining profession by furnishing so full an account 
of the Swedish method and practice as would enable any mining 
engineer, with proper training and in possession of the proper 
instruments, to employ the method in the field. 

The tables which accompany this paper are intended to 
facilitate the calculation of results, and have been calculated for 
me through the courtesy of Mr. King, chief astronomer of the 
Department of the Interior, or have been taken from P. Uhlich's 
"Markscheidekunde," J unless otherwise stated. The drawings 
and plates have been prepared for the engraver by Mr. Erik 
Nystrom, M.E. 



* "The most Prominent and Characteristic Features of Swedish Iron Ore 
Mining," by Professor G. Nordenstrom, London, 1899, page 22. 

t " Ueber Magnetische Erzlagerstatten und deren Untersuchung- durch 
Magnetische Messungen," von Th. Dahlblom. 

" Ubersetzt aus dem Schwedischen," by P. Uhlich, Freiberg, 1899, Vorwort 
des Uebersetzers. 

X **Lehrbuch der Markscheidekunde," von P. Uhlich, Freiberg in S., 1901. 
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OHAPTEE I. 

MAGNETS AND THEIR PROPERTIES. 

Definition of Magnet. — By the term magnet we 
usually designate a piece of steel which has the property of 
attracting certain substances termed magnetic bodies, such as 
iron, nickel, cobalt, etc. 

Poles. — This attractive power is concentrated at certain 
points in the magnets termed poles. In long and very thin 
magnets these poles are situated at the ends. In massive mag- 
nets the poles are situated at points about ^V of ^he length of 
the magnets from each end. The line joining the poles is 
termed the Tnagnetic axis. A magnet suspended so that it may 
swing in a horizontal plane comes to rest in a definite position, 
with its axis in general in a north-south direction. If the end 
pointing north be marked, it will be found that this end at every 
successive trial points north. Hence this pole is termed the 
north-seeking pole, or shortly, the north pole, the other the 
south pole. 

Law of Attraction and Repulsion. — If a north pole 

of one magnet is made to approach the north pole of another, 
suspended frpm its center of gravity, the latter will be repelled; 
if made to approach its south pole, it will be attracted. Simi- 
larly, two south poles will repel. Hence like poles repel, un- 
like attract. The force with which this attraction and repulsion 
acts has been found to be proportional directly to the product 
of the strengths of the poles and inversely as the square of the 
distance between the acting poles. If a and // are the strengths 
of the respective poles and d the distance between them, the 

force /, acting between them = ~Zj2~' 

Theory of the Constitution of Magnets. — If a 

glass hardened steel spring be magnetized, it is found that 
when broken each piece constitutes an independent magnet, with 



a north and south pole. This will hold true for the smallest 
piece which can be obtained by the process of fracture. This 
leads to the conception that every magnet is an aggregate of 
elemental magnets with their axes so arranged that they are 
parallel and like poles point in the same direction. The justice 
of the conception that the magnetism of a magnet depends upon 
the arrangeinent of the elemental magnets of which it consists, 
receives corroboration from the internal structure and properties 
manifested by a glass tube filled with steel filings in the non- 
magnetic and in the magnetic state. When first filled with 
neutral steel filings, the tube as a whole shows none of the 
properties of a magnet. On magnetization, the filings at once 
assume new positions and arrange themselves in the form of 
filaments, which traverse the tube from end to end. The con- 
' tents of the tube now exhibit fibrous structure, and the tube as 
a whole will now behave like an ordinary magnet. Forcible 
destruction of this arrangement by shaking is accompanied by 
destruction of manifestation of magnetism, to be recovered only 
by reproducing the filamentous arrangement by process of 
magnetization. 

I may call attention at once here to the important fact that 
magnets, through jarring or other rough treatment which pro- 
duces internal molecular movement, lose strength, and hence the 
necessity of carefully guarding against such loss when engaged 
in making a set of magnetometric measurements, for during the 
time occupied by these measurements the magnets employed are 
assumed to remain of the same strength. 

OHAPTEE 11. 

THE MAGNETIC FIELD. 

The space about a magnet, in which it exerts force, is termed 
its magnetic field. 

Lines of Force. — According to the conception of Fara- 
day, this field is traversed by lines of magnetic force, which are 



defined as the paths traced out by a free north pole placed in 
the field. The direction of these lines is the direction of the 
movement of the free north pole, as it sweeps out a line of 
force. In the case of a thin, long magnet, with poles at the 
ends, the lines of force aU start from the north pole and in 
curves pass through the intervening space to the south pole and 
through the substance of the magnet back to the north pole. 
These lines of force are, therefore, closed curves, with the excep- 
tion of the line passing out of the magnet in the prolongation 
of its axis. The magnet just described is an ideal magnet. The 
field produced by a massive magnet is not so simple. The poles 
are not at the ends, and lines of force start out, not from a pole 
considered as a point, but from the north pole area, and also 
from the sides of the magnet, to find their way through the 
surrounding medium into corresponding points on the south end 
of the magnet. The lines of force play an important part in 
the determination of the depth of magnetic ore deposits. The 
conception of a free north pole, employed in defining a line of 
force, is a convenient mathematical fiction and cannot be realized 
in practice, since north polarity cannot be separated from south 
polarity in a magnetized substance, so that one piece might 
simply be north polar and another piece exhibit only south 
polar magnetism. 

A common way of showing these lines of force consists in 
sprinkling iron filings upon stiff but smooth paper, placed over 
a magnet. The filings arrange themselves along lines of force, 
and may be photographed for further reference ; or since a line 
of force indicates at every point of it the direction of the mag- 
netic force, these lines may be traced out by a delicate small 
compass, about f inch in diameter. The needle of the compass 
will place itself with its axis tangent to a line of force. To 
employ this method the compass is placed in the field of force 
upon a sheet of paper of sufficient size to contain the field of 
force to be mapped and the position of its poles marked by a 
pencil point. The compass is now advanced a distance equal to 
its diameter, and placed with its north pole over the point 
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previously occupied by the south pole and the new point indi- 
cated by a pencil mark. The line resulting by joining these 
points is a line of force. In this manner the whole field of force 
may be mapped out. 

The representations of lines of force thus obtained are lines 
of force in a plane, and to form a conception of their distribu- 
tion in space it is necessary to revolve the representation of the 
field about the axis of the magnet. The lines of force will then 
sweep out surfaces upon which the lines of force lie. 

Strength of a Magnetic Field at a Point. — The 

strength of a magnetic field at a point is a number expressing the 
force exerted by the magnet on a unit north pole at this point 
in terms of unit force — the dyne* — and this number is by 
convention taken as equal to the number of lines of force pass- 
ing perpendicularly through unit area (1 cm.^) placed with its 
geometric center at the given point. From this it follows that 
in the stronger parts of the field the lines of force are crowded 
more closely together than in the weaker parts of the field. 
This is shown by representations of fields of force by iron filings. 
The lines of force are seen to be crowded more closely together 
in the region of the poles than in the space midway between 
the poles. But it must not be imagined that in this crude 
representation of a magnetic field of force the spaces between 
the trains of iron filings are regions which are not traversed by 
lines of force. No space in the field of a single magnet is free 
from lines of force. The definition of the strength of a field of 
force by the number of lines of force passing through unit area 
is merely a convenient convention ; attention being drawn to 
just that number of lines of all the lines passing through the 
unit area which correspond to the number of dynes exerted by 
the field upon a unit north pole at the given point. 

A tube of force is a channel bounded laterally by lines of 
force. 



* The dyne is a force which acting- for one second upon unit of mass equal 
to one gramme imparts to it an acceleration equal to one centimeter. 



The flow of force F is the product of the cross-section 8 of 
a tube of force into the value of the magnetic force H at the 
place of the cross-section s, hence : 

F =^ Hs, 

Conservation of Plow of Force. — Considering the 
field of force of a single ideal magnet, it is evident that the 
number of lines of force of its field are constant, i.e., no new lines 
are originated, nor do those existing vanish. Through every cross- 
section, therefore, of the same tube of force the same number of 
lines of force must pass. If 8 and 8^ are the cross-sections of 
the same tube of force at different places in the field, the flow 
of force for both cross-sections must remain the same. We 

have, therefore : 

F = H8 = H'8\ 

Construction of Diagrams of Magnetic Fields.— 

If we imagine a sphere described with radius unity (1 cm.) 
about a magnetic pole of unit strength, the magnetic force due 
to this pole will at every point on the spherical surface equal 
unity. Since there are 4;r square centimeters in the surface of 
this sphere, it is evident that if we desire to represent the in- 
tensity of the field by the number of lines of force passing 
through unit area, we must conceive 4;r lines passing out of the 
pole into the surrounding space. The whole flow of force in this 
case is 4;r. If the strength of the pole = a, ^na will be the 
number of lines passing out from such a pole and the whole flow 
of force will equal 4;r<7 units. 

Diagrams of Unipolar Magnetic Fields A pole 

30 
of strength a = - — will send out 30 lines of force and the entire 

flow of force is equal to 4;r<7 or 30 units. To represent this 
distribution of magnetic force diagramatically, we require to 
subdivide the space surrounding the magnetic pole into 30 single 
spaces, through each of which unit flow of force passes. This 

is accomplished as follows : — 

30 
About the pole P (see Fig. 1), of strength — , describe a 
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circle with any convenient radius and draw a diameter through 
P. This diameter is divided into 30 equal parts and lines are 
drawn perpendicular to the diameter through the points of 
division, until they intersect with the circumference. Through 
these intersections lines are drawn from the centre of the circle. 
These lines represent some of the lines of force which pass from 
the pole into space. If now we imagine the figure to revolve 



Fif.l 




about the diameter, these lines of force will describe cones which 
cut out of the surface of the sphere zones of equal area. Since 
the flow of force proceeds uniformly in all directions from the 
pole, each imit area of the sphere will be traversed by the same 
quantity of flow of force, hence each zone is traversed by unit 
flow of force. In the figure those lines of force only appear 
which pass at the limit of the zones of equal area. 
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Diagrams of Bipolar Magnetic Fields :— 

1st — Two unlike poles of equal strength. 

Let the poles, as in the previous case, be of strength 

30 
o = ±-;— .* The north pole will send out 30 lines of force and 

4;r ^ 

the south pole receive an equal number. To represent diagra- 
matically the flow of force in this case, join the poles by a line 
to serve as axis and construct upon this axis the unipolar field 
for each pole. (See Fig. 2). If now we imagine the figure to 
revolve about the axis, the lines of force describe 2 x 30 inter- 
penetrating cones. Through 30 of these the north pole sends 
out for each a unit flow of force, which enters the 30 correspond- 
ing cones of the south pole. This system of cones must coalesce, 
dividing the space into channels of flow of force, which pass 
continuously from the north pole to the south pole. The com- 
bination of the two fields into one is effected by drawing the 
diagonals of the four-sided figures, which result from the cutting 
of the lines of force. We thus obtain lines of force passing from 
the north pole to the south pole, which appear as broken lines ; 
which, however, approach continuous curves with increase of the 
subdivision of the channels of force. 

2nd — Bipolar fields of magnetic force of two unlike poles 
of different strengths. (Fig. 3). 

The construction is the same in principle as in the previous 
case. The length of the radii of the circles is taken in the ratio 
of the total flow of force sent out or absorbed by the pole, and 
the number of subdivisions of the diameters of each circle cor- 
responds to the total flow of force emitted by, or vanishing into, 

30 

the pole. Thus, if the north pole is of strength + -7- and the 

south pole of — — , the radii of the circles are made respectively 

30 and 10 and the subdivisions also of their diameters are 30 
and 10 respectively. 



* North seeking polarity is indicated by + , south seeking- polarity by - . 
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Equation of a Line of Foroe. 

The line passing through the points N x y z (Fig. 4) is 
part of a line of force. Let N S, the length of the magnet, 

Fif.4 




= a, r the radius of the auxiliary circles, the angle BN A = a 

and the angle C SA = ^ \ then for the point x of the line of 

force we have : 

A N = r cos a 

A S = rco8 fi 

AS — A N = a = r (cos ^ — cos a) 

and - = (cos ^ — cos a) = C, a constant. (1) 

This relation is termed the equation of the line of force and 
r its parameter. To each line of force belongs a separate value 
of r. 

Inductive Effect of the Magnetic Field Upon 
Magnetic Bodies. — If a magnetic body, such as a piece of 
soft iron, be placed in a magnetic field, the original field is 
greatly altered. The lines of force of the field in the vicinity 
of the iron concentrate in the space occupied by the iron. A 
south pole will be developed in the iron where the lines of force 
enter, a north pole where they pass out of the iron into the 
space of the field. The soft iron, while in the field, is thus a 
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magnet with its own field induced by the original field and the 
magnetic field as a whole is a composite field of two magnets. 
The soft iron, when taken out of the field, loses its polarity. If 
the piece of soft iron be placed transversely across the pole of a 
magnet, without touching it, it will be seen that the lines of 
force enter the iron, divide, and pass out at both ends, so that a 
south pole will be developed in the center of the piece of iron 
and two north poles, one at each end. The space beyond the 
iron in the direction A will be free from lines of force. (See 
Fig. 5). 



Fig. 5 




The lines of force are thus 
shown to pass more readily 
through iron and in general 
through magnetic bodies than 
bodies which are non-magnetic. 
This is usually expressed by say- 
ing that the permeability of 
magnetic bodies is greater than 
that of non-magnetic bodies, and 
is greatest for soft iron. The 
intensity of the disturbance of a 
magnetic field of force produced 
by a magnetic body is in general 
proportional to the permeability. 
The permeability of hardened steel is much less than that of 
soft iron, but the polarity developed in it by a strong field is 
retained by it after removal from the field. Magnetite, jakob- 
site and pyrrhotite behave in this respect like steel, and when 
once magnetized, are capable with their own field of acting in- 
ductively upon other magnetic bodies. These have been desig- 
nated by the Swedish authorities as " attractorily " magnetic 
bodies. The minerals: menaccanite, olivin, augite, hornblende 
and pyrite are termed " retractorily " magnetic bodies. These, 
though attracted by a strong magnet and of permeability greater 
than that of non-magnetic bodies (i.e., bodies indifferent to 
magnetic force, as glass, quartz, etc.), lose the polarity developed 
in a magnetic field, when removed from it. 
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OHAPTEE III. 

THE EARTH'S NORMAL MAGNETIC FIELD, 

A magnetic needle, free to swing in any plane, placed in a 
magnetic field will place itself tangent to a line of force. If this 
experiment be made on the surface of the earth in different 
localities, it will be found that the needle will in general place 
itself with its axis in a plane north and south, stand horizontal 
in the vicinity of the equator, but dip more and more, with its 
north end toward the perpendicular, with increase of latitude 
north, and stand vertical at 70.5° noi'th latitude and 98.5° W. 
longitude Greenwich. Passing south from the equator, the dip 
is reversed, the south pole of the needle dipping more and more 
toward the perpendicular with increase of southern latitude, until 
at 74° south latitude and about 148° east longitude Greenwich, 
the needle again stands vertical. In each place of observation 
the position of the axis of the needle indicates the direction of 
the lines of force of the earth's magnetic field. If the places, 
for which the angles of dip are equal, be joined, curves result, 
which are similar to the parallels of latitude, but do not coincide 
with them, nor are they even parallel to each other. These 
lines are termed isoclinals. The line of no dip is termed the 
TTvagmetic equator, 

A compass needle does not in general point to the astro- 
nomic north on the surface of the earth, but the vertical plane 
passing through its axis, when, at rest, includes an angle with 
the astronomic meridian. This angle of deviation from the 
astronomic meridian is termed the angle of declination. If these 
angles be observed for different localities on the surface of the 
earth and the localities, having equal declination, be joined, lines 
result, which are termed isogenic lines, and which have in general 
similar directions as the astronomic meridians, but do not coincide 
with them, nor will their contours be similar. Another set of 
lines, termed iaodynaraic lines, may be drawn on the surface of 
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the earth, which connect places of equal intensity of magnetic 
force. 

These are the usual elements, which enter into the mapping 
out of the earth's magnetic field of force. 

Although the total intensity of the earths magnetism may 
for each locality be readily measured, it is found to be more 
convenient to represent the total force by its horizontal and 
vertical components and to measure these. 

If the circle (see Fig. 
FiiJ.G 6) NASB be in the 

plane of the magnetic 
meridian and the mag- 
netic needle at the place 
of observation come to 
rest, making an angle v 
with the horizon N 8, 
the needle will be tan- 

g. gent to the line of force 

of the terrestrial field 
passing through the 
point of suspension 0. 

The force of the field 
acts with equal intensity 
on the north pole at D 
and the south pole at E, 
but in opposite direc 
tions. The resultant is zero and the needle at rest. 

Let D K = E M represent by their length the intensities 
of the acting forces and the arrow points indicate the directions 
in which they act. We may then regard D K and E M the total 
intensities as the resultants of the components H and F, of which 
the former represents the horizontal intensity, the latter the 
vertical intensity of the earth's field. 

From the figure we have : — 

V= H taTig V (2) 
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and DK = EM = T= y H^ + V^, or =^-^ (3) 

cos V 

hence T and V become known, when H and v are known. The 
values H and v are given for different places in the published 
magnetic charts of the terrestial field. 

It requires to be pointed out that the elements of the 
magnetic field of the earth, represented by the isogonic, isoclinal 
and isodynamic lines, are not constant, but are subject : 

1st — To sudden variations, due to cosmic magnetic disturb- 
ances. 

2nd — To annual variations, which progress at a definite 
rate and in a definite direction, which, when known, render the 
true value for any year calculable. 

. 3rd — To daily variations, which in general are small. 



OHAPTEE IV. 

THE DISTURBED TERRESTRIAL FIELD OF 

FORCE. 

We have already seen that if part of a magnetic field of 
force includes a medium of greater permeability than the rest, 
the lines of force by preference pass through the more permeable 
medium, thus modifying the distribution of the lines of force of 
the original field of force, so that more lines of force pass 
through the more permeable medium than through the less per- 
meable medium immediately surrounding the former. From 
this it results that deposits of " attractorily " magnetic bodies, 
such as magnetite or pyrrhotite, attract the lines of force of 
terrestrial magnetism and become themselves magnetic. The 
extent to which these bodies modify the distribution of the 
normal* terrestrial field depends upon their volume, shape, posi- 
tion with reference to the lines of force of the normal terrestrial 
field, and their depth below the surface of the earth. In the 
case of the " retractorily " magnetic substances, the permeability 



* The terrestrial field undisturbed by magnetic bodies or deposits. 
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is not much superior to that of non-magnetic substances, and 
hence their effect in modifying the distribution of the lines of 
force of the terrestrial field is correspondingly small. 

Cases occur where non-magnetic ores and rocks become 
magnetic through the presence of magnetite a^s an accessory 
ingredient and thus become causes of disturbance of the terres- 
trial field. The hematites of Sweden, and certain copper, lead, 
and zinc ores are illustrations of ores which are often mag- 
netitic, and diabase, diorite and hyperite often contain so large a 
percentage of magnetite, and of such uniform distribution 
through their mass, that the magnetometric method may be 
employed " in tracing them from localities where they outcrop, 
through areas in which they are buried and in deter- 
mining whether the rocks are flat Ij^ng or highly tilted, the 
direction of their strike and dip, and, in some cases, the depth to 
which they are buried."* 

If the magnetite is arranged through the igneous rock 
along lines corresponding to the lines of force of the normal 
terrestrial field, the magnetic effect produced may become very 
great-t Magnetic disturbances of the earth's field, however 
great, do not therefore justify the conclusion that they are 
caused by workable magnetic ore deposits. 

Relation of Dip to Intensity of Magnetization.— 

If a soft iron bar be placed with its axis parallel to the lines of 
force of terrestrial magnetism, it will be found, if the experiment 
be made in the northern hemisphere, that the upper end of the 
bar has acquired north-pole attraction, the lower end south-pole 
attraction, and that the bar in this position exhibits all the 
characteristics of a magnet, with the poles near the ends of the 
bar. If the strength of the magnetization of the bar be tested, 
it will be found that it is a maximum in this position ; a mini- 
mum when the length of the bar occupies a position perpendicular 



* Henry Lloyd Smyth : ** Magnetic Observations in Geological Mapping," 
Transactions American Institute of Mining Engineers, Vol. XXVI, pp. 641 
and 642. 

t See page 3. Theory of the Constitution of Magnets, 
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to the lines of force of the terrestrial field ; and of intermediate 
intensity in intermediate positions. 

If the inductive action of the earth's field be regarded as 
the cause of the magnetization of a magnetic ore-body, it is 
evident that we may expect that the dip of the ore-deposit will 
in a similar manner be connected with the strength of its 
magnetization, as in the case of the iron bar, i.e., it will be at a 
maximum when the dip is parallel to the lines of force of the 
terrestrial field, a minimum in a position at right angles to these 
lines, and of intermediate intensity when the dip corresponds to 
intermediate positions. * 

In judging, therefore, of the massiveness of an ore deposit 
from the intensity of its magnetic effect, the direction of the dip 
of the deposit in relation to the lines of force of the terrestrial 
field must evidently be taken into consideration. 

OHAPTEE Y. 

EFFECT OF A MAGNET ON A COMPASS NEEDLE 
IN A NORMAL TERRESTRIAL FIELD. 

Throughout a space of small dimensions, compared with 
that of the earth's radius, the normal magnetic terrestrial field 
is sensibly uniform, the lines of force of the horizontal magnetic 
field will in this space be parallel. 

If a compass be set up horizontally in such a field, the 
needle will come to rest and be in equilibrium when it occupies 
a position such that its magnetic axis is in the magnetic meridian 
N 8 oi figure 7. In this position the forces of the horizontal 
field acting on the needle are of equal intensity and in opposite 
directions and the resultant is equal to zero. If, under these 
conditions, a magnet S^ N^ be placed with its axis in a position 
at right angles to the magnetic meridian and in the same hori- 
zontal plane with the compass needle and with the center of its 
axis at distance d from the point of suspension o, the needle will 
be deviated and come to rest in a new position with its axis 
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parallel to the lines of force of the resultant field, compounded 
of that of the earth's field and that of the defiecting magnet. 
If the south pole of the defiecting magnet faces the compass (as 
shown in the figure) the north pole of the needle will be de- 
fiected toward the east of the magnetic meridian. 




Fig'. 7 
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To obtain an expression for the effect of the defiecting 
magnet, let : 

fjL = the strength of a pole of the compass needle, 
a = the strength of a pole of the defiecting magnet, 
21 z= the length of the compass needle, 
2 Z = the length of the defiecting magnet, 
2 fil = m* the moment of the compajss needle. 
2 La =: M the moment of the defiecting magnet. 
H = the intensity of the earth's horizontal field. 
d = the distance of center of defiecting magnet from o, 
the point of suspension of compass needle. 

* The moment of a magnet is defined as the product of the strength of one 
pole into the length of the magnet. 
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F^ = the force with which the earth's horizontal field 
acts upon the poles of the compass needle. 

Fjy = the force exerted by the deflecting magnet upon 
the poles of the compass needle. 

M^ = the moment of the couple due to the earth's field. 

Mjy = the moment of the couple due to the field of the 
deflecting magnet. 

It is assumed that the field produced by the deflecting magnet 
is of equal intensity at the points n and 8 and that the lines of 
arction of the force proceeding from the poles of the deflecting 
magnet are parallel to o x, which is not strictly true. 

For the position of equilibrium the moments of the two 
oppositely directed couples M^ and Jf ^ must be equal, hence : 

if H = if D 

F^ 2 I sin a = Fjy2 I cos a 

F^ tang a = Fj, (4) 

F^ = H fx (4a) 

and F^ is the resultant of the action of the poles of the deflect- 
ing magnet upon the poles n, s of the compass needle. Denoting 
attraction by the minus sign and repulsion by the plus sign, 
we have for the attrarction of the south pole of the deflecting 
magnet upon the north pole of the needle : 

^ a [I 

and for the repulsion of the north pole of the deflecting magnet 
upon the north pole of the compass needle : 

(d + Lf 

The action line of these two forces is assumed to coincide, 
hence : 



f 1 1 \ _ ^a fiLd 
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Neglecting -^ as too small sensibly to affect the result, we have : 



d3 



j_2i2}. (5) 



If d is made large in comparison with 2 Z, the length of the 

(2 i^\ 
1 -ig-) does not greatly 

differ from unity and we may write : 

^- = -^ (6) 

Substituting values for F^ and Fj^ in equation (4) we have : 

Hfitanga = —^ (7) 

2 Jf 

H tang a = — ^ =z q = n H. (8) 

and g d^ = 2 JIf = a constant C, (9) 

1 
Retaining the factor 2 i^ of equation (5) we have from 

equation (7) : 

M=i tcmg aHd? 1 1 — ^^\ (10) 

an equation useful for determining the moment of a magnet in 
terms of H, or in absolute units, when the value of H in abso- 
lute units for the place of observation is known. 

In the foregoing demonstration it was assumed that the 
strength of the field of the deflecting magnet was the same at 
the points n and s, but it is evident that the strength of the 
field, due to the deflecting magnet near the compass needle, will 
be the same only for points at equal distances from the center 
of the deflecting magnet, and that, therefore, the force of the 
deflecting magnet exerted upon the compass needle will, with 
this method of producing the angle of deflection, vary with the 
angle a. This tangent method will, therefore, yield only approxi- 
mately correct results. 
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The value of q can, however, be rendered independent of 
the angle of deflection by revolving the compass with its arm, 
which carries the deflecting magnet, about a vertical axis, pass- 
ing through the point of suspension of the compass needle, until 
the needle stands at right angles to the deflecting arm, as shown 
in figure 8. 



Fig*. 8 




In this position both north and south poles of the compass 
needle are at equal distances from the center of the deflecting 
magnet, and therefore occupy positions in its field of equal 
strength. 

The number of degrees through which the needle pa^sses 
back to a position in the plane of the magnetic meridian, when 
the deflecting magnet is removed, measures the angle of deflec- 
tion in this case. 
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Let this angle be denoted by a^' we shall then have (see 

Fig. 8) : 

q'=Hmna^' (11) 

Since q' for this method (the sine method), is constant, and q 
for the tangent method very nearly so, we have for different 
points in a magnetic field, in which the value of H differs : 

q = H tang a = H' tang a' 

or E'= H ^^^ (12) 

taTig a ^ ^ 

and q^= H sin ao^= H^ ain a!' 

or H'= H "^ (13) 

8%n a ^ ^ 

From these equations it follows that the value of H' differ- 
ing from H may be found by either of these two methods, in 
terms of H, the value of the horizontal component of the mag- 
netic field at one station taken as a unit. 
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OHAPTEE VI. 

THE THALI^N-TIBBRG MAGNBTOMBTBR. 

Description. — This apparatus is a combination of Thal^n's 
magnetometer and Tiberg's inclinator, and as now constructed 
by mechanician Berg, of Stockholm, constitutes a very conven- 
ient instrument for field work. It permits by its construction 
the determination not alone of the different values of the hori- 
zontal components of a disturbed magnetic field, but also the 
more important determination of the different values of the 
vertical components. Its principal parts are the compass and 
its support. 

The Compass.— (See Figs. 9, 10, 11 and 12.) The com- 
pass Ky consists of a low, hollow cylinder, of about 8 cm. diameter, 
closed top and bottom by quadratic plates P\ and P^ with sides 
of about 9 cm. The top plate is broken through by a circular 
opening, concentric with the cylinder and 7.5 cm. in diameter. 
This opening renders the interior accessible and is closed by a 
removable glass cap. The center of the bottom of the cylinder 
carries a jewel for the reception of one end of the axis of rota- 
tion of the magnetic needle, the other end of the axis is supported 
by a jewel carried by an arm, screwed to the inner side of the 
cylinder. A flat ring, of diameter 6 cm., graduated into degrees, 
is fastened to the inside of the cylinder, parallel to the quadratic 
plates, at such distance from the base that its edge bisects the 
knife-edge poles of the magnetic needle. The north and south 
directions, parallel to one parallel pair of sides of the quadratic 
plates, are marked 90°. The ends of the east and west diameter 
are at divisions marked 0°. The directions marked west and 
east correspond, when the needle marks 90° N., to the astronomic 
directions. 

Screwed to the compass box, in the prolongation of the 
east and west directions, are two cylinders Z\ and Z2, of 8 mm. 
diameter, which permit the compass to be placed into bearings 
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of the support and there secur- 
ed. Between the two platen 
and visible through D, the 
compass box is provided with 
a box level of a sensibility of 
6' for 1 mm. deviation of bub- 
ble. This box level permits 
the levelling of the compass 
when in use without it« usual 
support. On the diagonally 
opposite comer, on the top 
plate, is situated the screw 
head Si, which operates the 
arrest of the needle. 

The needle, for the greater 
part of its length, is bar 
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shaped, with cross sections of 
about 2.9 mm^. The poles are 
ground into knife edges, par- 
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allel to the axis of rotation. The axis of rotation is represented 
by a steel cylinder, which passes perpendicularly through the 
middle of the magnetic axis of the needle. In the vicinity of 
this axis the shape of the needle is such that the center of 
gravity, when the needle swings in a vertical plane, is situated, 
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Fig. 13 




SrS in the case of the beam of a balance, below the axis of sus- 
pension. A sliding weight permits of the coxmteraction of the 
vertical intensity of the normal terrestrial field, so that when 
free to swing in a vertical plane perpendicular to the magnetic 
meridian the needle gives a reading 0° in such a field. 

A brass arm, ending in a ring B, is pivoted on the compass box 
midway between the square plates. This arm serves as a sus- 
pension when the compass is to be used by an observer as an 
inclinator, without the support. 

The Support of the Compass with 
its Deflecting Magnet. — (See Figs. 9, 10, 
11, 13 and 14.) ' Two uprights Zi, L2, screwed 
perpendicularly upon the base plate P3, sup- 
port in their bearings the cylinders Zi, Z^ of 
the compass. Zx, Z^ are retained in their bear- 
ings by the slides (7i, 0% The height of the 
bearing above the base plate is such that the 
compass may be revolved into a vertical posi- 
tion. Two set-screws, passing, the one vertically, the other hori- 
zontally, through the rod Q, connecting L\ with Z2, limit the 
rotation of the compass box to one-quarter revolution. These 
set-screws, when once regulated, enable the observer, by bringing 
the square plate P^ into contact with either one of them, to 
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place the compass box without delay into position either par- 
allel or perpendicular to the base plate Pg. A box level, of 
senaibility S' to 1 mm. deviation of bubble, secured to base plate 
Pa at Di serves to indicate its horizontal position. The under- 
side of the base plate is screwed upon a cone F (Figs. 15 and 
16), which fits into a ball and socket joint, firmly secured upon 
a tripod. By means of two screws S3, S3, and spring, operating 
(as shown in Figs. 15 and 16), upon the extension of the ball 
and socket joint, the base plate Pg may be levelled. Rotation 
about a vertical fixis of the support is accomplished by the 
movement of the cone in it« bearing, and may be secured in any 
position by the clamp-screw S4 shown in the figure. 




Fastened to the upright Li, and parallel to the axes Zi, Z2, 
a cylindrical arm E of 22 cm. in length is situated (see Figs. 9 
and 10), To render this arm light and yet sufficiently rigid, it 
is made of two concentric cylinders of brass soldered together. 
This arm carries a frame for the reception of the deflecting 
magnet. The frame is moveable along the rod and may be 
clamped in any position by screw 1S5, and is of such height that 
when the deflecting magnet is placed upon it the axis of the 
deflecting magnet will be in the horizontal plane in which the 
compass needle swings. A millimeter scale on one side of the 
arm, with its zero point in the center of the axis of rotation 
of the compass needle, serves to indicate the position of the 
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deflecting magnet from the center of the compass needle. At 
the end of the arm and vertically downward, a foresight N 
of special and very convenient construction is attached. Just 
behind the box level Di is the backsight jET, consisting of a brass 
plate with its vertical slit. The uprights Zi and L2 are broken 
through, and when the compass is in the horizontal position the 
sights may be employed to bring the arm E into any desired 
direction. The deflecting magnet is 1.1 cm. wide, 10 cm. long, 
and 0.2 cm. thick. Its north end is marked, as in the case of 
the compass needle, by an inserted brass pin. A button attached 
to the middle of the magnet permits its removal from and inser- 
tion into the frame, without touching the steel, of which it is 
composed. A spring R retains the magnet in its frame. 

Testing and Adjusting the Magnetometer. — Al- 
though the instrument is tested and adjusted by the maker 
before it leaves his shop, it is advisable for the observer not to 
rely upon the shop adjustment, but to test the magnetometer 
for himself before use, and make any required correction. 

1. Examination of error due to eccentric suspension of compass 

needle. 

The compass is removed from its support and placed upon 
a level plane. The needle is now read at both ends and the 
compass turned through an angle and a second reading taken as 
before. This process is continued until a complete revolution 
has been made. A constant diffierence in the readings of the 
north and south ends indicates that the magnetic axis of the 
needle does not pass through the suspension of the needle. A 
periodic variation of a difference in the readings indicates that , 
the axis of rotation of the needle does not pass through the 
center of the graduated circle. By reading both ends of the 
needle and taking the mean the eccentricity error is eliminated. 

2. Examination whether axis of rotation of support is perpendi- 

cular to plane of box level D^ on base plate Fg. 

The magnetometer is screwed on the head of the tripod, 
rotated so that the arm E is over one of the screws of the ball 
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and socket joint, and by means of the two levelling screws the 
bubble of the box level is brought to the center. The magneto- 
meter is now revolved through an angle of 180°, which is easily 
effected by taking the reading of the compass. If the bubble 
in this new position is displaced, indicating that the axis of rota- 
tion is not perpendicular to the plane of the box level, correction 
is made by decreasing the displacement of the bubble to |, which 
is accomplished by means of the three screws passing through 
the bottom of plate Pa provided for this purpose. 

3. Examination whether axis of compass box is perpendicular 

to vertical axis of rotation of support. 

Place a rider level upon axes Z\, Z^ and rotate support 
about vertical axis until Zi, Z^ is in line with one levelling screw. 
By means of the levelling screws bring the bubble of rider level 
to the center. Now revolve support about vertical axis through 
180°, as indicated by compass reading. If, in this new position, 
the bubble is displaced, the vertical and horizontal axes are not 
perpendicular to each other. Correct through J the displace- 
ment of the bubble by screws provided for that purpose, or, if 
these be wanting, by elevating the proper upright Zi or L^ by 
placing paper between it and the base plate P3. 

4. Examination whether the vertical screw of bar Q, when in 

contact with the lower plate of compass box, renders 
compass box horizontal. 

The magnetometer upon its tripod is levelled, the lower 
plate of compass box brought into contact with the vertical 
screw on bar Q. A sight is now taken along the top of the 
compass box and at right angles to the arm E, on a scale sus- 
pended vertically beyond the magnetometer, and the reading 
recorded. The support is now revolved about the vertical axis 
through 180°, indicated by the compass reading, and a second 
reading taken on the scale as before. If the readings differ, the 
screw must be turned in the proper direction until this differ- 
ence is made one-half. The bubble of the box level D, between 
plates Pi, P2, must now be in the center. Any deviation of the 
bubble must be corrected by the screws provided for that purpose. 
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5. Examination whether the horizontal screw of the bar Q when 

in contact with plate F, of compass box, indicates its ver- 
tical position. 

The magnetometer is set up and levelled as before, and P2 
brought into contact with horizontal screw. Verticality of plate 
P2 may now be tested by a plumbline or sight taken along plate 
P2, on a scale placed horizontally beneath the magnetometer, as 
in 4. Correction required is made with horizontal screw. Base 
plate P3 is broken through to permit this adjustment to be 
made. 

6. Neutralization of the vertical component of the earth's nor- 

mal field. 

The magnetometer in the normal field, properly levelled, 
is rotated until the needle reads 90°, the compass is then placed 
vertical, the small slotted aluminium plate, provided for pro- 
ducing this correction in modern instruments, moved toward 
the south arm of the compass needle until the needle reads 
zero. The plate is then fixed in position by means of screws 
provided for that purpose. A thread, tied on the south arm 
and cautiously pushed into the required position by a sharpened 
match, may, in case of necessity, replace the small weight. The 
thread being, however, more or less hygroscopic, its weight will 
not be constant, but depend upon the state of the weather. 

Precautions to be Observed in Taking Observations 

with the Magnetometer. 

1. The observer should assure himself that his person is 
free from magnetic bodies, such as pocket knives, keys, etc., 
which would influence the reading of his instrument. 

2. Magnetic bodies which occur in the field and which can- 
not be removed, such as iron roofs of buildings, magnetic ore 
dumps, etc., must have their location arccurately determined and 
their position marked in a sketch, to be transferred to the accur- 
ately drawn plans of the magnetic field, when their disturbing 
effect may be estimated. 

3. Wiping the glass cap of the magnetometer tends to 
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electrify the glass, which renders the indications of the needle 
untrustworthy. By breathing upon the electrified glass, the 
electricity is discharged from its surface. 

4. Accumulation of dust in the jewelled bearings of the 
suspension of the needle depresses the sensitiveness of the com- 
pass. It is advisable, therefore, to open the glass cap as" seldom 
as possible. 

5. Readings in the field are best taken on cloudy days. In 
bright sunshine the magnetometer must be protected from the 
direct rays of the sun by a screen not containing iron or steel in 
its structure. Elevation of temperature of the magnets to any 
great extent is always to be avoided, since the moment of a 
magnet decreases with increase of temperature, recovering its 
normal value only when the magnet returns to normal tem- 
perature. 

A more serious cause affecting the value of the moment of 
a magnet is concifssion, since this diminishes the strength of a 
magnet permanently when subjected to it. The extent of the 
deflection of a compass needle by the deflecting magnet depends 
upon the moment of the latter ; the value of Ky the constant 
of the inclinator, upon the moment of the compass needle. It 
is, therefore, evident that in the investigation of a magnetic 
field, concordant results of readings can only be obtained, when 
during this investigation the moments of the magnets have 
remained unchanged. Hence, every precaution should be taken 
to keep these moments constant by avoiding all causes which 
tend to decrease them. 

6. Accumulation of moisture on the needle of the magneto- 
meter during damp weather may impair its balance, and thus 
give rise to error when using the magnetometer as an inclinator. 
Moisture from both the glass cover and the needle is best re- 
moved by allowing the magnetometer to stand open in a warm 
room until dry. Wiping the needle or interior of the compass 
with a cloth should be avoided. 
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CHAPTER YII. 

METHOD OF OBSERVATION. 

Horizontal Intensity of a Magnetic Field. — The 

horizontal intensity of a magnetic field may be determined with 
the instrument as described by measuring the angle of deflection 
of the compass needle produced by the deflecting magnet, when 
it occupies a definite position on the arm E of the magneto- 
meter. Both the tangent and sine method may be employed 
in producing the angle of deflection. 

In the application of these methods, the magnetometer, with 
compass in horizontal position, is placed with its tripod over the 
place of observation and the bubble of the box level Di brought 
to the center by the employment of the levelling screws. 

In the case of the tangent method, the magnetometer is 
revolved about a vertical axis until the compass needle reads 
90°. This reading is made certain by tapping the glass cover 
lightly with the rubber end of a pencil, to overcome the friction 
of the pivots on which the needle moves. The magnetic axis of 
the compass needle is now parallel to the magnetic meridian of 
the place of observation, and the arm E is perpendicular to the 
plane of the magnetic meridian. The deflecting magnet is now 
placed in its frame on arm E and secured in its position by the 
spring R and binding screw Sr,. It is necessary, in placing the 
magnet upon the frame, to avoid setting the needle into violent 
oscillations, as otherwise too much time is lost in waiting for it 
to come to rest in its new position. Its position is made more 
definite by tapping the glass case as before. The angle a© is 
now read and 90° — ao= «o will correspond to the angle of de- 
flection produced. Assume that the magnetometer is set up in 
a normal terrestrial field, we then have : 

H tang ao= q =^ H cot a©. (14) 

If, however, the magiietometer be set up in a field disturbed 
by a magnetic ore body, the needle with deflecting magnet re- 
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moved, when reading 90°, will be parallel to the direction of the 
horizontal component of a compound field of force. This hori- 
zontali component R will evidently be the resultant of jET, the 
horizontal component of the normal terrestrial field, and F the 
horizontal component of the individual field of force of the mag- 
netic ore body. These two components will in general include 
an angle n in their directions at the place of observation, and 
we shall obtain for the value R in terms of H and F and the 
angle included between them from the triangle of forces (Fig. 
17): 




R = i/H^+F^— 2 HFco8 n (15) 

If a is the angle of deflection, produced by the deflecting 
magnet in this compound field, we shall have : 

R taTig a = q = R cotang a (16) 

hence from equations (14) and (16) we have : 

^ ^ tang ^ jj _ cotang ap ^ 
tang a cotang a 

In this equation, R is obtained in terms of the horizontal 
component of the normal terrestrial field, for which the angle 
of deflection was found to be oo- 

As stated before, this method yields only approximate 
values. For more accurate work the sine method is employed. 
In this method, after the magnetometer has been placed over 
jfche point of observation in a normal terrestrial field and levelled, 
the deflecting magnet is first secured in its frame and the mag- 
netometer is then revolved until the needle reads (after tapping) 
90"". In this position the axis of the needle is perpendicular to 
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the direction of the axis of the deflecting magnet. On removal 
of the deflecting magnet, the needle moves through an angle into 
a position of parallelism of its axis with the magnetic meridian 
of the place of observation. The angle a©'' is now read, and 
90° — ao''^ d^' will correspond to the angle of deflection produced 
by the magnet. We then have : 

H sin Oi/ = H cosQi/ = q^ (18) 

If a!"^ is the angle of deflection in a compoimd field, we 

have: 

R sin a'' = R cos a'^ = q' (18a) 

hence: 

sin Oq^ cos bm% 

r=JlJ^H= — %H (19) 

sin a cos a, 

From equation (14) it follows that since H varies with the 
locality, if q, the deflecting force of the deflecting magnet, re- 
mains constant, the angle a© must also vary with the locality. 
This angle oq for the locality in which a disturbed field is to be 
examined, is best taken as the mean of a number of observations 
made in difierent parts of the normal terrestrial field, surround- 
ing the disturbed field. It is only when angles are obtained by 
this method, which do not differ to any extent, that the observer 
can at all be sure that his observations have been made in a 
normal terrestrial field. 

The tangent method is very convenient when only approxi- 
mate results are required. It absorbs little time, and the instru- 
ment set up for it is, by the removal of the deflecting magnet 
and the setting of the compass vertical, converted into an inclin- 
ator, ready for observations of the vertical intensity of the field. 
Moreover, from equation (16) we have : 

q 
tanga = ^ 

that is, a definite angle will always correspond to the ratio -p 

whatever the separate values of q and R may be, since the tan- 
gents of all angles are comprised between -|- oo and — oo. 

The sine method, on the other hand, gives accurate results, 
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but is less convenient, in that more time is absorbed in making 
one observation, and that it requires that the instrument must 
be revolved into proper position before the compass can be 
placed vertical to convert the instrument into an inclinator. 
Further, from the equation : 

. „ ?' 

it is evident that since the limits within which the sines of all 
angles are comprised are + 1 and — 1, no angle corresponds to 

a value of -^ > 1, or when g'> ii. At a station where this takes 

place the compass needle cannot be made to occupy a position 
perpendicular to the axis of the deflecting magnet. This serious 
defect of the sine method can to some extent be overcome by 
increasing the distance d of the center of the deflecting magnet 
from the center of suspension of the compass needle. Since q 
varies inversely as d^, q rapidly diminishes with increase of rf, 
and with smaller q the method can be employed to measiu'e 
smaller values of /?. As q diminishes, Oo ftlso becomes smaller. 
In order, therefore, to measure small values of i2, small values 
of Oo must be chosen by the observer ; greater values of ii re- 
quire, on the other hand, greater values of a©. 

To facilitate the calculation of results by the methods just 

described, tables are appended of the ratio of -: and 7 

^^ 8%n a tang a 

(see tables I and II). The angles Oo, corresponding to the deflec- 
tion of the normal terrestrial field, are given from 10° to 30° 
inclusive, progressing by single degrees. 



CHAPTER VIII. 

DAHLBLOH*S MODIFICATION OF THE 
SINE METHOD. 

In the methods described, the deflecting magnet retained a 
definite position on the arm E and q was, therefore, kept conatant 
while the angle of deflection constituted the variable. In Dahl- 
blom's method the angle of deflection is kept constant and q m 
made the variable. This method gives good results and over- 
comes the defects of the sine method, as commonly employed. 

To apply this method an extra arm Ei (see Fig 18) is 
screwed to the compaae box of the Thal^n-Tiberg magneto- 



meter. This arm E^ points to the center of the suspension 
of the compass needle and makes an angle of 30° with the arm 
E. It carries a frame for the reception of the deflecting magnet, 
the magnetic axis of which, when placed in position, is in the 
same horizontal plane with the magnetic axis of the compass 
needle. The frame can be moved back and forth along the arm 
by means of wires attached to the frame. These wires pass over 
pulleys and are operated by the screw S^. Along one side of the 
arm is a millimeter scale, the zero of which is at the center of 
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the axis of rotation of the compass needle. The frame is pro- 
vided with an index, so that the position of the center of the 
deflecting magnet can be read to some tenths of a millimeter. 
The other side of the arm can be provided with a scale, which 
gives R direct for the different distances of the center of the 
deflecting magnet from the zero. 

Method of Observation. — The instrument is set up 
exactly as in the case of the tangent method. The deflecting 
magnet is placed on the frame and screw 8^ manipulated until 
the deflecting magnet occupies its proper distance on the arm 
El, i.e.y when the compass needle stands at right angles to Ei 
and reads 60° in the north-east quadrant. The position of the 
deflecting magnet is now read on the millimeter scale and R 
corresponding to this reading taken from a table calculated for 
the instrument, or R is read off direct, if the arm is provided 
with such a scale. The deflecting magnet is now removed, the 
compass needle returns to the reding 90° and the instrument, 
by placing the compass vertical, is ready for observation of the 
vertical intensity. 

Calibration of Millimeter Scale and Construction 
of Scale for reading B direct.— We have seen, equation (9), 
that the product of the effect of the deflecting magnet q into the 
cube of the distance of its center from the zero of the scale is a 
constant quantity, hence : 

qa di? == qid^ = q^d^ = 5'n d^ = C di. constant. 

If H is the horizontal intensity of the normal terrestrial 
field and q^ the effect of the deflecting magnet when the compass- 
needle stands perpendicular to the Dahlblom-arm in this field 
and R and q corresponding values for a compound field, we have 
for the Dahlblom method : 

ir«iti30° = jo 
iJsi7^30°=g, 

from this, H=2 qo and R=2 q=n H (20) 

but q d^=a (9) 
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Substituting in this equation for q its value from equation 
(20) JB=2 q, we have : 

otR~ (21) 

From equation (21) 22 can be calculated for any value of d 
and from equation (22) d can be calculated for any value of R, 
when C is accurately known. The value of C may be experi- 
mentally obtained as follows : 

The magnetometer is set up in a normal terrestrial field 
with compass horizontal and properly levelled. The magneto- 
meter is then revolved about the vertical axis until the Dahlblom 
arm coincides in direction with the magnetic axis of the compass 
needle. The north end of the needle will then read 30°. The 
deflecting magnet is now carefully placed upon its frame on the 
Dahlblom arm, with its north pole facing the north pole of the 
compass needle and cautiously moved, by manipulation of screw 
St, toward the compass needle, until the needle is at right angles 
to the arm. The deflection produced is 90*^ and the distance di 
of the center of the deflecting magnet from the zero is now 
accurately measured. For this position dt we have : 

gi=ir«i7i90°=l* 
and G\=l d^ 

The deflecting magnet is removed, the frame pushed back 
and the magnetometer revolved until the axis of the compass 
needle makes an angle of 5° with the Dahlblom arm. The north 
end of the needle now reads 35°. The deflecting magnet is now 
placed in its frame, cautiously moved forward until the compass 
needle is again at right angles to the Dahlblom arm. The dis- 
tance (^2 of the center of the deflecting magnet is again accurately 
measured. The deflection produced is 85° and : 

q2=H8in 85° and 02=^2 ^^2^=1 (sin 85° d2^)=0.d9 d^ 

*Zr taken equal to unity. 
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Similarly the different values for d are measured with the 
following deflecting angles : 



Compass needle before 
deflection reads : 


Corresponding^ 

deflection when 

needle stands 

vertical to 


V^alues of C, 








Dahlblom-attn. 




40° 






80° 


Ca — »in 80° da^ — 0.98 (ig* 


45° 






75° 


C\ ^ niii 76° ^4* — 0.96 di» 


50° 






70° 


Gi — sin 70° ds^ -^ 0.94 dg* 


55° 






65° 


(7« — sin 65° d^^ - 0.90 d,^ 


60° 






60° 


Ct --- nin 60° di' — 0.86 d^'> 


65° 






55° 


Cg — dn 55° dg* — 0.82 dg* 


70° 






50° 


C» — siv 50° ds^ - 0.76 dg* 


76° 






45° 


Cio— sin. 45° dio«— 0.70 d^^ 


80° 






40° 


Cu— »in 40° dii3— 0.64 du^ 


85° 






:J5° 


012— «i» 35° di2»— 0.57 dia^ 


90° 






30° 


Ci3— sin 80° di3«— 0.50 d^* 


85° N.E. 


Quadrant 


26° 


Cm— si)} 25° di/— 0.42 du^ 


80° 


(( 


t( 


20° 


(7i5- .sm 20° di6»— 0.34 di5» 


76° 


(C 


14 


15° 


Oia- - «in 15° di«3— 0.26 dw^ 


70° 


(( 


H 


10° 


OiT-" «u? 10° diT^- 0.17 di7« 



The 17 values of (7, thus determined, which differ among them- 
selves, are combined into a mean value C^ and with this mean 
value the distances di, c^, etc., may be corrected by substituting 
in the equation 



a 



m 



= d^ 



the separate values of qi, q^, etc. 

We may now proceed either to calibrate the millimeter 
scale of the Dahlblom arm by finding the values of ii, corres- 
ponding to the separate millimeter divisions on the scale, or we 
may construct a scale on which the different values of R for the 
different distances are marked, which may then be transferred 
to the Dahlblom arm on the side opposite to that on which the 
millimeter scale is placed. 
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Galibration of the Millimeter Scale.— By substitu- 
ting in the equation 

the centimeter divisions of the scale, we obtain the values of R 
corresponding to these divisions. A curve may now be plotted 
with the millimeter scale as abscissas and the corresponding 
values of ii as ordinates. For the plotting of 22, a scale should 
be chosen, which will not make the ordinates inconveniently 
long and yet show the differences for the diflTerent millimeter 
divisions suflSciently distinct. From this curve the value of R 
may be taken out for any division of the millimeter scale. 

Construction of Scale for reading B direct. — By 

substituting in the equation 

^~ R ~nH 

values for n, we obtain the corresponding values of d. To 
facilitate this calculation, a table giving the diflTerent values of 

l-l and their logarithms for values of n from 0.01 to 5.00 is 

appended (see table III). 

A curve may now be plotted, as before described, with values 
of 22 as abscissas and corresponding values of d in centimeters 
as ordinates. These ordinates appear as abscissas on the scale. 
The scale is first marked on paper and tested. If x is found on 
test to be the value of R for a deviation of 30°, for which the 
sine is J, 2 x must be indicated by the index of the frame for a 
deviation of 90°, for which the sine = 1. 

Large values of R are best determined with Dahlblom's 
method by the employment of a special deflecting magnet of 
great pole strength. For this magnet the value of C„ will diflfer 
from that calculated for the usual magnet, and must, of course, 
be separately determined and curves constructed for it, as pre- 
viously described. The value of C^ depends on the permanency 
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of the strength of the deflecting magnet and on the value of H 
at the place of observation. Change of either of these values 
necessitates a new determination of G^^, The permanency of 
the strength of both compass needle and deflecting magnet can- 
not be guaranteed. Magnets gradually weaken, which may in 
a great measure be obviated by using molybdenum steel for 
their construction and aging them artificially by boiling in oil. 
It need scarcely be mentioned that accidental dropping of the 
deflecting magnet renders a new determination of C^ imperative. 
From the equation : 

we obtain for the same d, but for a new value (?„', the expression : 

2CJ 



R'= 



m 



and hence, f1 ' Tl 

R'= -%^ (24) 

from which it follows that in the case of a new determination 

of C^ the ordinates of the calibration curve of the millimeter 

scale of the Dahlblom arm are converted into the new ordinates of 

the new curve, corresponding to the new value C„/, by multi- 

C ^ 
plying the old ordinates with the ratio ■—-. In the case of the 

reconstruction of the scale, giving R direct, due to a new value 
Cj^ y the table giving the values of i- j is always applicable. 

The applicability of Dahlblom's method is based on equa- 
tion (9) : q ds= a 

This equation is, as has been shown, not strictly correct, and 
Uhlich* has found that an equation of the form : 

qd^-\- cqd?= C, 
in which the factor c is smaller than unity, gives better results. 
Experience, however, has shown that for all practical purposes 
the equation : g ^a__ (j 

is sufficiently accurate. 

* Pag-e 364, ** Lehrbuch der Markscheidekunde," P. Uhlich, 1901. 
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CHAPTEE IX. 

THE VALUE OF THE HORIZONTAL INTENSITY IN 
A TERRESTRIAL FIELD OF FORCE, DIS- 
TURBED BY THE PRESENCE OF A 
MAGNETIC ORB BODY. 

In a disturbed field, the horizontal intensity R, as has been 
previously shown,f is the resultant of the horizontal intensity 
of the earth's normal field and the horizontal component of the 
magnetic force of the magnetic ore-body. If the former is 
symbolized by H, the latter by F, 



'R = \/lP+F^—2HFco8n, 

In the disturbed field, H remains constant in direction and 
intensity, F is variable in direction and intensity, the latter 
depending on the horizontal distance of the point of observation 
from the point over the pole of the ore-body. 

Assume the normal terrestrial field to be disturbed by a 
magnetic ore-body, with its pole, exhibiting north pole attrac- 
tion, in a vertical direction below the point 0, and (see Fig. 19) 
the ore-body to extend vertically downward to such depth that 
the effect of the lower pole upon the field of investigation may 
be neglected. It will then be evident that for the point of 
observation A, ii H and F in intensity and direction represent 
at this point the horizontal components of the field, the diagonal 
R of the parallelogram constructed on these components will in 
direction and intensity represent the resultant horizontal in- 
tensity of the field at A. For every point at equal distance A 
from 0, both H and F remain constant in intensity, H remains 
constant also in direction, but Fy being directed to the center 0, 
varies in direction for every point of the circumference. There 
are four points in this circumference of special interest : 

At E the angle n is 180° and the equation for the resultant 
becomes : 



tFig:. 17, eq. 15, pag^e 34. 
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R= I 'H^ + Fi-2HFco8lS0°=H+F 



(25) 



The resultant for this point equals the sum of the components. 

At K the angle n=o and 



R=l H^ + F^—2HFcoaO°=±(H-F) 



(26) 




or the resultant for this point is equal to the difference between 
the components. The horizontal intensity is, therefore, at a 
maximum at E and at a minimum at K. For these two points 
the angle of deflection is respectively a minimum and maximum. 
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The line drawn through the three points 0, E and K, con- 
stitutes the mafiTietic meridian of the field. 

Between these two points for 2?niax ^^'^ ^mm ^he value of R 
for intermediate points on the circumference assumes all inter- 
mediate values. 

If in the equation for the resultant, we put R = H, we 
have: 

F— 2 H €0871 = 

By constructing this angle the two points D and D^ on the cir- 
cumference where R=H are found. The construction may be 
earned out as follows (Fig. 19) : 

From toward K on line K lay off the length F to obtain 
point 8. At this point erect a perpendicular and from 0, with 
length 2 H, cut perpendicular in T. The line T cuts the cir- 
cumference at D. At this and the corresponding point D^ the 
angle of deflection is a©, the angle of deflection of the normal 
terrestrial field. 

At the point the force of the pole of the ore-body is 
directed vertically downward and ^=0, consequently the angle 
of deflection at this point is due only to H and is, therefore, also 
equal to ao. 

So long as F does not become greater than 2 H, there will 
exist two points on every circumference drawn within the field, 
about as center, at which the angle of deflection is Oo- 

If the points in the disturbed field, for which the angle of 
deflection equals «©> are found, the curved line resulting (termed 
by the Swedish authorities the " neutral line ") will pass through 
the point 0, which is also the point through which the line 
joining i^max ^^^ ^min passes. 

This fact may be employed for the location of the pole of 
the ore-body, when F is small compared with H, which will be 
the case with a weak magnetic ore- body, or when the location 
of the pole is at considerable distance from the surface. 



46 

(The angle olq may be calculated from the known values of 
«! and a^y which correspond respectively to the maximum and 
minimum values of R. For we have : 

q = (H + F) sin «!= {H — F) sin a<f= H sin Oq. 

From this we obtain : 



f M sin Oq sin Oq 

H F sin «! sin «2 



and -. h -. = -, (27) 

sin tti sin a^ sin Oq ^ 

The calculation of a© is facilitated by using the formula : 

sin «! sin a^ 

sin J {oL2-{- fli) cos J (0.2 — ai) 

It is evident that if oq and either a^ or a^ are known, the un- 
known «! or a^ may be calculated from equation (27). The 
usefulness of such calculation leading to the determination of 
the location of the pole of the ore deposit will appear by con- 
sidering that, if on a meridian, north of the pole of the deposit, 
the angle of deviation a^ has been observed for any point P2, 
this value must correspond to the minimum value of R for a 
certain circumference, of which the pole is the center, but the 
radius of which is unknown. If then, we determine from equa- 
tion (27) the angle ai, corresponding to the maximum value of 
R and find among the observed values upon the meridian the 
point Pi, corresponding to this value of R, Pi P2 will be the 
required diameter of the circumference and the pole of the deposit 
will be midway between Pi, P2.) 

This neutral line divides the field of investigation into an 
area of minimum horizontal intensity, lying north of the neutral 
line and an area of maximum horizontal intensity, lying south 
of it. 

At the value of F is zero ; from this value, proceeding 
outward in the field, the value of F increases to a maximum, 
beyond this F again diminishes practically to zero at the limit 
of the field. There is then one circumference, for which P is a 
maximum, beyond this are the concentric circles with decreasing 
values of P, and within the area bounded by the circumference 
for the maximum are the concentric circles with values of P, 
corresponding to those of the circumferences beyond that, for 
which P is a maximum. In going outward, therefore, from 0, 
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^max is encountered but once, but intermediate values of F twice. 

If ^niax< H> ^he free compass needle will always point 
north, along the direction of the magnetic meridian. If ^max^ 
H, a point will be found on the meridian, where F^^^ — H \^ equal 
to zero. At this point, the point of indifference, which lies to 
the north of 0, the free compass needle will indifferently occupy 
any position. If 2 H^Fj^^^^H, there will be two points of in- 
difference, one lying within the circumference for the maximum 
and another beyond it. Passing beyond the first point of in- 
difference, the needle reverses and points south, until the second 
point of indifference is reached, where it reverses again, to point 
north once more. 

In this case also one neutral line will divide the field into 
the two areas of maximum and minimum horizontal intensity. 

When, however, ^,nax> 2^, two neutral lines will be found 
between the two indifferent points. One a closed curve, passing 
through the pole point 0, " the false neutral line," and a second 
open curve, lying beyond the former, to the north, " the true 
neutral line." In the case of such strong fields, as may occur 
in the case of magnetic ore bodies rising above the surface, the 
rule for finding the pole point 0, by means of the neutral line, 
is, of course, no longer applicable, since the true neutral line 
does not pass through the pole point. 

The resultant horizontal intensity along the meridian in 
fields where F^^^< H,2H> Fj^^ > H and F^^ > 2 iT, is repre- 
sented by figures 20, 21, 22. 

Fif. 20 



7^^ 
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Fi^22 



In these figures the curve above the line iSJV represents the 
variation of F along the meridian, with A as the pole point. 
The line t^ c', parallel \oS N,\s drawn at a distance ^ H. In 
figure 20 R ia constantly positive and the free compass needle 
points continuously north along the meridian. In figures 21 
. and 22 g and h are points of indifference, between these points 
the resultant ia negative, the free compass needle points south. 
At r and s, (figure 22) the resultant is equal to — .ff, through r 
passes the " false," through 8 the " true " neutral line. 
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CHAPTER X. 

THE VERTICAL INTENSITY OF THE 
DISTURBED FIELD. 

Theory of the Inolinator.— It has been shown that 
a magnetic needle, free to swing in any plane, will tend to place 
itself in the terrestrial field with its magnetic axis tangent to a 
line of magnetic force and that in the northern hemisphere the 
axis of the needle with north pole pointing downward will in 
general make an angle v with the horizon. In this position of 
rest the total magnetic force of the field, acting along the axis 
of the needle, may be resolved in two directions perpendicular 
to each other : Hy the horizontal component, and F, the vertical 
component. For the vertical component we have obtained the 
expression, equation (2), page 15. 

V= H tang v. 

With the needle as constructed for the inclinator, the angle v 
depends in addition to the action of the magnetic forces upon 
the action of gravity, 
applied at the center of 



gravity of the needle, 
which is situated below 
the point of suspension. 
To obtain an expression 
for the value of V in 
terms of the angle v and 
the constant of the in- 
clinator, when the needle 
is in equilibrium under 
the action of these 
forces, let the plane of 
the paper represent the 



Kiq. 23 




s. 



plane of the magnetic meridian and assume the needle to be 
in equilibrium in the position shown in the figure, its axis 
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making the angle Vq with the horizon N S. Let a be the 
center of gravity of the needle and d its distance from the point 
of suspension o. Let W, the weight of the needle, be regarded 
as concentrated in a. Let I = of=\ the length of the needle, 
H and F respectively the horizontal and vertical components of 
the magnetic force of the field, and // the strength of the pole / 
of the needle. Then it is evident that V tends to increase the 
angle v^^, i.e., produce left handed rotation, whereas H and gravity 
tend jointly to decrease the angle Vq, producing right handed 
rotation. In the position of equilibrium the moments of couples 
producing oppositely directed rotation about the point o are 
equal. 

The moment of couple due to H=M^ =^H fi 2oh^H /jl21 sin t;o 
The moment of couple due to V=M^ = V fi 2 eo = V /jl21 cos Vq 
The moment of gravity referred 

to axis of rotation =Mg= Woe =W d sin Vq 

or {H fi2l-\-W d) sin Vq = Vjul 2 I cos Vq 

Tr irr Wd\ i tt ^ d\ 

hence : k =li/H-^ — ^1. tang Vo^iii -\ 1, tang Vq (28) 

If the vertical plane in which the needle swings makes an angle y 
with the magnetic meridian, we have for the component of H, 
acting along that plane, its projection H cos y and the expression 

becomes : 

(W d\ 
Hcosr-\ ) . tang Vi (29) 

With the inclinator the observations are made in a plane per- 
pendicular to the magnetic meridian, i.e., 7- = 90°, and we have 
for the value of the vertical intensity : 

W d 
In this equation is a constant. Let this constant be repre- 
sented by K and the equation becomes : 

V=Ktangv2 (31) 

In a field disturbed by the presence of a magnetic ore deposit, 



V 
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the vertical force is the resultant of the vertical component of 
the normal terrestrial field V and the vertical component of the 
field of the magnetic ore body ±: 0. The plus sign signifying 
north pole attraction, the minus sign south pole attraction on 
the inclinator needle. The horizontal force R acting on the 
needle is the resultant of the horizontal component of the normal 
terrestrial field H and the horizontal component of the ore 
field K 

If the plane of the inclinator is in the plane of the mag- 
netic meridian, we have (see eq. 28) for 0, if it acted alone : 

±:G = (R+K) taTig V (32) 

If Y is the angle made by the plane of the inclinator with 
the plane of the magnetic meridian, we have (see eq. 29) : 

±G = {Rco8r-\-K) tang vi (32a) 

For Y = 90°, i.e., when the plane of the inclinator is at right 
angles to the magnetic meridian, we have (see eq. 31) : 

±0 = K tang V (32b) 

The expression for the resultant vertical intensity is, there- 
fore : 

V±G = K (tang v^ ±. tang v^) (33) 

In the Tiberg inclinator the vertical force of the normal 

terrestrial field V is coun- 
Fi^. 24 terbalanced by a small 

weight on the south arm 
of the needle and v^=^ 0. 
With this adjustment made 
the working equation for 
determining the vertical 
'intensity of the ore field 
becomes : 

±G = K tang v^ (33a) 

If the adjustment for 
neutralizing Fis not per- 
fect, but leaves an index 
error of a small angle v^^ above the zero (due to over correction), 
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or below it (due to under correction), we have in the normal 

field for the condition of equilibrium, if w is the small weight 

on the south arm of the needle : 

V2/JL I cos v^= Wd sin v^^-\~ wxcos v^^ 

_ __ ivx Wd „ ^^.. 

and V = tarig v^= K tang v^^ (34) 

If with an index error v^^ below the zero, we read for the north 
pole in the disturbed field v^, the reading is evidently due to : 

\ m/ 

or K tang v^^-\- G = K tang v^ 

and = K {tang v^ — tang v^^) (35) 

If the index error is above the zero, we have : 

or G = K {tang v^ -\~ tang v^^ (36) 

By the use of equations (35) and (36) the correction of the error, 
introduced by defective adjustment is easily made. 
If the angle v^^ is very small, we may put : 

G = Ktang{v^q^vJ (37) 

Determination of the Value of K.— In the expres- 

Wd 
sion K = , W and m may be determined with accuracy, but 

m changes with time, decreasing in value, and d cannot be 
accurately ascertained ; the value of K is, therefore, best obtained 
experimentally by the following methods :* 

1. The magnetometer, set up in a strongly magnetic field, 
with compass box horizontal, is revolved until the axis of the 
needle is parallel to the axis Zi Z^ of the compass box. 

The compass box is now set vertical and the needle is free 
to swing in a plane parallel to the magnetic meridian. If R is 
the horizontal intensity of the field and Vq the reading of the 
north end of the needle, equation (32) becomes : 
G={R+K) tang Vo' (38) 

* Before proceeding to ascertain the value of A^ by these methods it is 
requisite to compensate the needle for Vy the vertical component of the normal 
field. (See pag^e 31). 
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The compass box is again placed horizontal, the magnetometer 
revolved through a right angle, the compass box placed vertical 
and a second reading of the needle taken ; let it be v^ . In this 
position JB, being at right angles to the plane of motion of the 
needle, its effect on the position of the compass needle is zero, 
and we have for this position : 

Q = K iang v^ (39) 

From equations (38) and (39) : 

R tang Vo= K {tang v^ — tang Vq) 

^= ^yj'o R (40) 

{tang V2 —tang Vo) 

R may then be determined by the sine method and substituted 

in the equation. 

2. In the normal field we may employ either of the two 
following methods : 

(a) Beneath the magnetometer suspend centrally and ver- 
tically, south pole upward, a strong magnet. A reading is taken 
with the plane of the inclinator at right angles to the magnetic 
meridian, angle y =90° and hence from eq. (32b): 

G=Ktang v^ 
A second reading is taken, with the arm E turned south, i.e., 
with inclinator turned 180° from the magnetic meridian, y of 
equation (32a*) = 180° and we have: 

= {K''H)ta7igv^ 
hence : K {tang v^ — tang V2)=H tang v^ 

and K= ^ ^"^^;^ .H (41) 

tang Vz — taTig v^ ^ 

A mean value K^, obtained from different values of K for dif- 
ferent distances of the south pole beneath the magnetometer, is 
made the working value. 

(6) The magnetometer is set up in the normal field, as for 
the tangent method, the compass box is placed vertical and the 
deflecting magnet in its frame on arm E, with its north pole 
facing the north pole of the compass needle, cawtioualy moved 

* Since the horizontal intensity of the magnet acting on the needle is zero 
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forward until the compass needle stands nearly vertical. The 
resolved part of H eAong the plane of rotation being zero, we 
have, 
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if Fjy represent the force exerted by the deflecting magnet on 
pole of strength /i of the iiiclinator needle, M^ the couple due to 
the deflecting magnet, Mg the moment due to force of gravity 
applied at a : 

Mg=Wd' 
For povsition of equilibrium, 

2M/Jt 



and 



and 



hence : 
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The value of q is then determined with unclianged position of 
deflecting magnet by the sine method, and we have finally : 

q = K = H sinaQ (11) 
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From this equation it is further evident that K can only be 
determined in the normal field ii K ^ H. li K^H, it must be 
determined in a disturbed field south of the neutral line. 

The sensitiveness of the inclinator increases with decrease 
of K, K itself varies directly as W and d' and inversely b/^2 fil. 
Sensitiveness is best attained by making d/ small and both // and 
I great. In the Swedish instruments the value of K varies from 
0.5 5^ to 1.5 if. 

The value of K obtained by the methods described is in 
terms of H and, therefore, 0, as determined by the inclinator, is 
also expressed in terms of H. 

For the purpose of determining the value of the magnetic 
moment of the compass needle and the deflecting magnet, the 
following simple method may be employed : 

Draw upon a plane table a line in the direction of the mag- 
netic meridian, as indicated by a compass and a line perpendi- 
cular to it, intersecting the meridian line. On this intersection 
place a small compass, with the axis of rotation of the needle 
coinciding with the intersection. Place the magnet (compass 
needle, or deflecting magnet), the moment of which is to be 
determined, with its axis coinciding with the line drawn perpen- 
dicular to the magnetic meridian and with its center at a certain 
distance d from the intersection of the lines. Read the deviation 
of the compass needle fy reverse the magnet, maintaining the 
same distance of its center from the intersection, and read the 
deviation <p\ which will now be in the opposite direction. Take 
the mean fj^ of the two readings, then, if 2 i is taken as f of the 
actual length of the magnet, measured in centimeters, and d, the 
distance of the center of the magnet from the intersection of the 
lines, be accurately measured in centimeters, we have from 
equation (10) page 21 : 



m= i d3 if h — 2 ^j tang (p^ 



In this equation m is given in terms of the value of the hori- 
zontal component of the earth's normal field. If this is known 
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in absolue units and introduced in tlie equation, m is obtained 
in absolute units. 

Method of Observation. — The magnetometer is set up 
at the place of observation, as described for the tangent method, 
the compass needle reading 90°. The compass box is placed 
vertical and the angle of inclination v of the needle read from 
its north end (after tapping, by allowing brass ring of suspen- 
vsion arm to fall gently upon the box). For preliminary obser- 
vation the compass box is lifted from its bearings, held horizon- 
tally over place of observation, rotated about a vertical axis 
until the needle reads 90°, and turned into the vertical position 
about the axis passing through 0° — 0° and the angle v read as 
before from its north end. 



CHAPTER XI. 

THE THOMSON-THALl^N MAGNETOMETER. 

Description. — The latest form* of this instrument con- 
sists of two parallel magnetic needles J.i, A^ (see Figs. 26 and 
27), of cylindrical form, 2f inches long and about iV ii^ch in 
diameter. These magnets are mounted upon a brass ring /, with 
like poles in the same direction. The ring is provided with 
pointed hardened steel screws JSi, £2, which rest upon agate sup- 
ports Ci, C2, carried by the pillars Di, 2)2, and permit the mag- 
netic needles to swing in vertical planes about the diameter of 
the ring which passes through the magnetic equator of the 
needles. 

To prevent the motion of the magnetic system and lift the 
points of suspension from the agate supports, when the instru- 
ment is not in use for observation, an arrest is provided, which 
consists of a second brass ring K if, situated below the magnetic 
system. Upon this ring are mounted four forks, Zi, L% X3, X4, 
which receive and support the ring of the magnetic system. 

♦February, 1903. 
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Release and arrest are accomplish- 
ed by lever M, actuated by screw 
0, and when ring K K is raised 
by lever M to its limit the niount- 
inji / is pressed firmly against the 
stops Pi Pa, holding the magnetic 
system immovable in position. The 
center of gravity of the magnetic 
system is below the point of sus- 
pension, as in the case of Tiberg's 
inclinator, but in the Thomson- 
Thal^n magnetometer may be ad- 
Justed to decrease or increase the 
sensitiveness of the system, by 
raising or lowering the pivot 
screws 5i, Sa- 

The inclination of the magnetic 
system produced by the vertical 
components oE the magnetic forces 
acting upon the needles may be 
compensated by a cylindrical mag- 
net E, north pole upward, mounted 
in a brass cylindrical casing, as 
shewn in Figs. 26 and 27, and 
attached to a brass screw F, by the 
elevation or depression of which 
the distance of the upper pole of 
magnet E from the plane of the 
magnetic needles may be varied. 
This screw is operated by the screw 
head .S, situated on top of the con- 
taining ease. The position of the 
north pole of the compensating 
magnet with reference to the center 
of the ring carrying the magnetic 
needles is indicated on a scale en- 
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graved on the f aced-oflf part of the screw. To permit the reading 
of the scale, the brass cylindrical case of the magnet is for a short 
distance cut away in front. In Fig. 26 the divisions 3 and 4 
are seen. The distance between the threads of the screw is 0.03 
of an inch and the head of the screw S is divided into 100 
parts. This permits the determination of the distance of the 
deflecting magnet from the axis of revolution of the magnetic 
needles to within the 0.0003 of an inch. 

The working parts described are mounted in a cylindrical 
brass case, closed front and rear by removable glass plates. Upon 
each of these glass plates a horizontal line is engraved to indicate 
when the needles are in horizontal position and the vertical com- 
ponents of the magnetic forces acting upon the needles have been 
compensated by the magnet E, A small box-level R, situated 
within the case, indicates when the axis of rotation of the mag- 
netic system is horizontal. 

A small compass F, mounted on a brass stem jT, five inches 
long, placed, as shown, on top of the case and removable, gives 
the direction of the magnetic meridian and serves the purpose 
of bringing the horizontal axis of rotation of the magnetic 
system into the magnetic meridian. 

The magnetometer is mounted on a tripod with head for 
levelling, as previously described for the Thal^n-Tiberg magneto- 
meter. 

As at present constructed, the instrument has the serious 
defect of rendering the reading of the scale of the deflecting 
magnet diflScult. The brass pillar, which limits the motion of 
the arrest, is parallel to and in front of the scale, obstructing 
the field of view, and the divisions and scale numbers are in- 
distinct. By replacing the pillar with a brass piece, bent as 
shown in the figure (the original pillar is indicated by the dotted 
lines) and cementing upon the front glass plate, with Canada 
balsam, a plano-convex lense of proper focus, the reading of the 
scale would be greatly improved. 
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Theory of Thomson-Thalen Magnetometer. 



Kio.28 




In Figure (28) let 

N She the compensating magnet, 

A 71 = the distance from center of axis of revolution of 
the magnetic system to the pole n of one of 
the needles, 
d = AN, the distance of the north pole of the com- 
pensating magnet from A, 

di = A >S, the distance of the south pole of the com- 
pensating magnet from A, 

a = The strength of one of the poles of the compen- 
sating magnet, 
fjL = The strength of one of the poles of the magnetic 

needles, 
7? = The distance of north pole of compensating 
magnet from n, the north pole of one of the 
magnetic needles, 
Ri = The distance of south pole from the same point n. 
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x = Angled Nn, 
x'=Angle J. Sn. 
We have for the force / exerted by N upon n : 

for the vertical component of this force v\ 

, . a u. C08 X a u. co8^ x 

Similarly for the vertical component of the force f\ exerted by 
8 upon n : 

and for its vertical component v'' 

„ ^, <7 // cos x' an co8^ x' 

and since these act in opposite directions, we have for the re- 
sultant vertical force v"' 

If 2 i is the length of the magnetic needles, we have for the 
couple due to the compensating magnet upon one needle : 

{C08^ X CO^ X^\ 

For the second needle with strength of poles f/ we obtain 
similar expression : 

vr 21 = am' \-j^ ^1 (42a) 

The resultant couple due to the compensating magnet upon both 
needles will equal the sum of the separate couples, hence : 

{V'" + v{") 2l = a(m + m') [-^, ^-| (42b) 

The rotation of the magnetic system produced by this couple 
will be right or left handed, as {v"' + Vi'') is positive or nega- 
tive. 



It' ( V-\- G) is the vertical intensity of the disturbed terres- 
trial tield, compensation is effected when : 

-{V+Q) = (v"'+Vi"') 
The value {v'" + vi'") depends upon the distance of the poles N 
and iS of the deflecting magnet from 0, as will be seen from the 
curve constructed for the instrument described. 
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magnet. When north pole Pi is situated just above ordinate c, 
the effect of the deflecting magnet upon n of the needle ^i .4i is 
zero. When Pi occupies position Pa, the effect of the compen- 
sating magnet to produce right handed rotation of the magnetic 
system is a maximum, corresponding to ordinate g. 

It will be seen from figure (29) that the greater the force 
required to compensate north pole attraction of the disturbed 
field, the greater will be the value of the scale reading ^, but 
that the greater the force required to compensate south pole 
attraction, the less will be the value of the scale reading. 

If ^ is the reading on the scale when the needles of the 
magnetometer stand horizontal in the normal field and ^i, ^2, ^3, 
etc., the readings for different places in a disturbed field, the 
readings corresponding to the values of the vertical components 
of the ore deposit for these places will evidently be ^1 — ^, 
^2 — ^, ^3 — ^, etc. These readings will, therefore, be positive or 
negative as /q < or > ^. In the first case north pole attraction, 
in the second case south pole attraction is being compensated 
and the numerical value ^ — ^ indicates the compensated inten- 
sity of the vertical component of the ore body on an arbitrary 
scale. 

The readings ^1, ^, ^3, etc., depend, in addition to the inten- 
sity of the magnetic forces to be measured, upon the moments 
of the magnetic needles of the instrument and that of the com- 
pensating magnet. It is, therefore, evident that since these 
quantities vary for different instruments, the readings of two 
different instruments are not comparable. For that reason and 
for the purpose of calculations of the depth of ore bodies, etc., it 
is necessary to express the readings ^ for in terms of H. This 
may be accomplished by the following method of calibration : 

Calibration of the Thomson - Thalen Magneto- 
meter. — The instrument, set up in the normal field, is properly 
levelled and the axis of rotation, by means of the small compass, 
brought into the magnetic meridian and the compensating magnet 
elevated or depressed by screw, until the magnetic axes of the 
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needles are in the same plane with the horizontal line on the 
glass cover. The reading ^o is obtained from the scale and 
graduated screw-head. 

A strong magnet is now placed vertically and centrally, 
south pole upwards, beneath the magnetometer, at distance di. 
The needles are now rendered horizontal by compensating magnet 
and reading ^i obtained. This is repeated for different distances 
of the magnet from axis of revolution of the needles and the 
readings ^2, ^, ^> ©tc., for the different accurately measured dis- 
tances c?2, c?8, c?4, etc., observed and recorded. The magnet is now 
removed and the Thomson-ThaMn Magnetometer replaced by an 
inclinatorium (see Fig. 6), with axis of revolution of the needle 
accurately perpendicular to the magnetic meridian. A magnet, 
south pole downwards, is suspended centrally over the inclina- 
torium, at a distance which will exactly compensate F, the 
vertical component of the earth's field. The needle of the in- 
clinatorium is now horizontal and its magnetic axis in the mag- 
netic meridian. 

The former magnet is now successively placed at distances 
di, c?2, ds, etc., from the point of suspension of the needle and the 
angles /i, /2, l3> etc., corresponding to the distances €^, c?2, c?3, etc., 
ascertained and recorded. 

Since F, the vertical component of the earth's magnetism^ 
has been compensated, the only forces acting to produce the 
angle of deflection Ii 12, etc., are H, the horizontal intensity of 
the earth's magnetism and G, the vertical component of the 
magnet below the instrument. We have, therefore : 

G = H tang I = n H, 

A curve may now be constructed with tangents I^ as abscissas and 

readings ^, ^1, etc., as ordinates. From this curve (see Fig. 30), 

for any reading ^, we obtain the corresponding tang /„. We 

have then : 

Gj^=^ tang 1^== n*, 

Gj^ expressed in terms of H. 

*H taken equal to unity. 
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Thus for a certain instrument (see Fig. 30), ^ was found to 



be equal for a certain 

locality to 16.70 scale 

divisions, for ^1= 18 

the corresponding 

value of tang /i = 

0.52, for ^2= 19.15 

tang 12^= 1, and so 

on. By the plotting .tantf.i(j ^ 

of these values, the 

curve of Fig. 30 was 

obtained. 
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CHAPTER XII. 



DESCRIPTION OF THE SWEDISH MINING 

COMPASS. 

This valuable instrument for preliminary examination of a 
magnetic ore field, as now constructed by Swedish mechanicians, 
is substantially the same as the one invented by Daniel Tilas in 
the eighteenth century. 

It consists of a light cylindrical brass case/1/2 (see Fig. 31) 
enameled white on its inner surface. The case is closed at 
bottom by a removable brass plate g g, on which, facing the 
interior, the points of the compass are marked out in black on 
white ground. From the center of this plate rises a light brass 
pillar i, which ends in a fine, pointed, steel needle. This needle 
acts as the vertical axis of rotation of the suspension 6, Ci, C2. 
The suspension is provided at b with a jewel. The horizontal 
axis of the magnetic needle is supported by the suspension at 
ci, C2. To permit the needle to move in a vertical plane, the 
needle is broken through in the region of its equator, as shown 
in figure 32. This method of suspension permits the movement 
of the needle in any plane. 
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Fig. 32 

To prevent the unship- 
ping of the suspension, an 
ivory stop a is cemented to 
the curved glass cover. A 
line h h, in black on the 
inner face of the case, in- 
dicates when the needle is 
horizontal. Through the 
eyes di, d^y d^, the three 
cords d\ y d^ y d^\ are knot- 
ted, by which the instru- 
ment is held suspended, 
when observations are 
made. 
To compensate the vertical component of the earth's normal 
field, the base plate g g, carrying the magnetic needle and its 
support, is removed and the needle rendered horizontal by means 
of a small piece of wax attached to the south end of the needle. 



67 



OHAPTEE XIIL 



INVESTIGATION OF MAGNETIC ORE DEPOSITS 
BY MAGNETOMETRIC MEASUREMENTS. 

If a preliminary investigation of a field, made with the 
Tiberg Inclinator, or preferably with a mining compass, reveals 
by the varying inclination of the needle in passing over the 
field that we have to do with a disturbed terrestrial field, places 
of greatest inclination* are first located and marked. A line 



* It is to be noted that in the case of the mining: compass, the needle of 
which always swing's in the vertical plane passing: throug'h the resultant of the 
acting: horizontal forces, the maximum inclination will not be found directly 
over the pole of the mag:netic ore-body, but north of it, as is evident from the 
following- (see Fig:. 33) ' 

Fi^.33 

B 




^V-^G 



The resultant Id along- the meridian JV^ S in the ore field to the north of the 
upper pole of the ore-body is equal to -^ — F and the vertical resultant = 
V+ G, We have, therefore : 

or, if V is compensated : 

:= tang 1' 



H—F 

This value will be greatest for H — F = Of which can only take place north of 
the pole of the ore body. 
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joining these gives the general direction of the strike of the ore 
field. The magnetometer is then set up in the field over one of 
the places of greatest inclination and a line run in the direction 
of the strike by means of the sights of the magnetometer and 
this line is extended through the field to places where (?=0. 

On this line, the principal line, are then laid off distances con- 
veniently of 30 feet, commencing at the stake for maximum value 
of Oy and stakes driven to mark these distances. From these 
stakes and at right angles to the principal line, subsidiary lines 
are run to the limit of the disturbed field and on the lines dis- 
tances of 30 feet laid off, commencing at the stake on the 
principal line. In this manner, the whole field to be investigated 
is laid out in squares. 

For the purpose of identifying individual squares in the 
field, the rows of stakes, parallel to the principal line, are 
marked with letters, those at right angles with numerals, i.6., 
on each stake is marked the letter and number of the respective 
rows to which it belongs. For the purpose of re-measurement 
of certain values of R or (?, or for the extension of the field, 
should this prove advisable, it is necessary to mark more per- 
manently some of the stations, both in the principal line and in 
the lines perpendicular to it. 

The stations are then transferred upon squared paper, con- 
veniently on a scale of 1 inch = 60 feet. On this preliminary 
sketch are also marked in their proper location important objects 
occurring in the field, such as houses, roads, shafts, ditches, 
streams, etc. For the correct interpretation of the results of the 
magnetometric measurements made, it is very desirable that on 
the sketch the terrane be represented quantitatively by approxi- 
mately correct contour lines. 

After these preparations of the field and the preliminary 
sketch, the magnetometer is examined in the normal field and 
tested as to its adjustment and necessary corrections made. The 
inclinator needle is brought to the zero by adjusting the little 
weight, or the index error read and noted, so that it may be 
taken account of in the final calculation of the vertical intensity. 
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The work of making the magnetometric measurements may 
now be begun. The magnetometer is first set up in several 
places in the normal field and the characteristic angle oq deter- 
mined for these places.* The magnetometer is then set up 
successively at each stake and the respective values of angles a 
(or R) and v determined for these stations. These, as soon as 
measured, are transferred to the preliminary sketch at the cor- 
responding points. South pole attraction is indicated by placing 
the minus sign in front of the recorded angle. In case of rapid 
change of the magnetic intensities measured, it becomes necessary 
to take observations at stations intermediate between the stakes, 
on the sides of the squares and also within the squares. The 
additional values of the angles a (or R) and v, thus obtained, 
are recorded in their proper place on the sketch. 

It is in many cases valuable, and for a complete investiga- 
tion of the field, necessary, to observe the angle which the re- 
sultant R makes with the lines either at right angles to or parallel 
to the principal line. For this purpose the magnetometer, set 
up over a stake, is brought with its arm J?, by means of the 
sights, into line with the stake line and the angle 8 included 
between the stake line and the magnetic axis of the needle read 
and recorded on the sketch for that point of the square. The 
observation does not take too much time and should be made 
at every station. The mean of the angles 8q observed at the 
limit of the field where = and R='H, indicates the mean 
direction of the magnetic meridian of the field of investigation. 

If observations are to be made with the Thomson-Thalen 
magnetometer, which permits only the determination of the 
different values of the vertical intensity of the ore field, the 
method to be pursued is as follows : 

The instrument is set up in the normal field and levelled. 
By means of the small compass, mounted on top of the case, the 
horizontal axis of revolution of the needles is rendered parallel 
to the magnetic meridian, the magnetic needles released, and, by 

* See page 35. 
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means of the compensating magnet, brought into horizontal 
position, ^ is then read. This operation must be repeated for 
different places and only such values joined to a mean value ^Om* 
which do not differ much from each other. The instrument is 
then set up over the different stakes of the field and the position 
of the compensating magnet ^i, ^2, h, etc., which brings the needles 
to the horizontal position, read for every station and recorded. 

The values obtained by these measurements are then utilized 
for the construction of charts, which show the distribution of 
the horizontal and vertical intensities and the varying direction 
of R in the field of investigation. It is usual to construct a 
separate chart for each of these quantities. By joining the 
points of equal horizontal intensity in the one chart and the 
points of equal value of G for the other chart, we obtain for 
each a system of isodynamic lines. By joining the points of 
equal declination for the third chart, we obtain a system of 
isogonic lines. 

Plates II, III and IV are illustrations of such charts, con- 
structed for an ideal magnet 100 meters in length and including 
an angle of 53° with the horizon, with its upper pole 30 meters 
below the plane of observation and of pole strength 5,400,000 
C. G. S. units. 

Plate I is a vertical section of the field of force through the 
station line m of Plates II and III, giving the curves of the 
vertical and horizontal intensities of the upper and lower pole 
respectively of the magnet. The arrows indicate the direction 
in which the forces act, the ordinates the intensities on a scale 
of 0.60 = 5 inches, and the abscissas the different stations along 
the line m, on a scale of 20 meters to the inch. The calculation 
of the intensities is shown by diagram for station 4 to the right 

f • u'u^u r p ^ 5,400,000 ^^^^. . ^^ 

01 zero, in which the line F.= j-„ = .■^..- rx = 0.214 in lengfth 

d^ (5020 cm)2 ^ 

and direction represents the total intensity of the pole S at 

station 4. The line P^ = -i~o = /-,-lo^rJ ^ =0.043 similarly re- 

di^ (11200 cm)2 ^ 

presents in length and direction the total intensity of the pole 
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iV at the same station. F^, F^ and G^, G^ are the horizontal and 
vertical components of P^ and P^ respectively. 

From the curves, Plate I, the horizontal and vertical in- 
tensities and the angle d which the resultant of the horizontal 
intensity makes with the magnetic meridian are easily found 
for any station in the plane of observation, as will appear from 
the following illustrations : Fig. 45, Plate I, for the station^' 3. 

Pg and Pn correspond to the points m and in 6 respectively. 
The point /=^' 3 lies to the right of Pg, therefore, from to the 
right lay ofFPg/= Ogr on line ra and P^/to the left oi m Q 
(since / lies to the left of P^) == 6 fe, (?,= g a, 0^= — ch and G 
for station j 3 =gr a — ch. Similarly F^= g b, acting along Pg /, 
as shown in Fig. 45, and Fj^ = d h, acting along P^/. By con- 
structing the parallelogram and drawing the diagonal, we find 
F in intensity and direction for the station j 3. Upon F f and 
/ H (the horizontal intensity of the normal field) construct the 
parallelogram and draw the diagonal, which will be R for the 
station j 3 and and angle RfH=^d = the angle which the re- 
sultant horizontal intensity makes with the magnetic meridian. 

Chart of the Horizontal Intensity.— In these charts 

the isodynamic lines are curves, which result from joining points 
for which either the angles of deflection a or R have the same 
values. In the first case the curves are constructed for maximum 
values of a, corresponding to R <i H, from 10° to 10° and for 
minimum values of a, corresponding to i2 > jET, from 5° to 5°. 
In the second case, points may be joined, for which R = 1.00, 
1.20, 1.30, 1.70, 2.50.* 

It is customary in Swedish practice to employ colours in 
representing the distribution of R. The "neutral line" (R=H 
or a = ao) may be drawn out in brown (burnt sienna), curves of 

* It is not important to adhere to the values just g-iven for the construction 
of isodynamic lines, which are recommended by the Swedish authorities. They 
are stated to serve only as a g-uide. The point to be kept in mind in the con- 
struction of mag^netic charts is to choose such values for the lines as will most 
fully represent the distribution of the mag^netic force in the field, without over- 
loading the chart with too many lines, which would obscure, rather than 
emphasize the salient features of the deposit. 
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maximum value of a, corresponding to minimum value of R may 
be represented in green (Hooker's green No. 2), and curves of 
minimum value of a, corresponding to maximum value of R, in 
red (crimson lake.) The areas within the bounding lines are 
laid in with their proper colour and of a tint the more intense 
the greater the variation of the bounding curves from the value 
R = H. Objects, such as houses, etc., are represented by lines in 
India ink. 

It is important for future reference and for comparison 
with charts of other deposits to indicate upon the plan, beside 
the name of the observer, the exact location of the deposit and 
time when observations were made, also the method employed, 
the instrument used and the normal angle OqH R has not been 
obtained direct with the Dahlblom arm. 

Charts of Vertical Intensity.— If the observations 

have been made with the Tiberg Inclinator, the curves in these 
charts may join either points for which the angle v or the value 
of Q = Kta7ig v is the same. For the calculation of from the 
angles of observation t;, a table of natural tangents is appended. 
(See Table IV). 

The curves may be constructed for degrees varying from 
10° to 10°, or from 5° to 5°, or for G in terms of H for values 
0.0, 0.1, O.2., O.4., 0.8, 1.6, 3.2. 

In the case of observations having been made with the 
Thomson-Thal^n magnetometer, lines are drawn through places 
for which ^ or (^ — ^o), or the corresponding values of tang 7^' 
giving G in terms of Hy are the same. 

The colours in these charts to bring out the distribution of 
the vertical intensity adopted are : blue (Prussian blue) for north 
pole attraction, and yellow (gamboge) for south pole attraction. 
The areas between the bounding curves are laid in with appro- 
priate tints, as described for the plans of the horizontal intensity. 

For the purpose of comparing different maps, plotted from 
observations with instruments, for which K differs, in addition 
to the name of the observer, etc., the value of K must be stated. 
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To facilitate this comparison, by reducing K^^ of any instrument 
to -fir=1.0 H*y a table is appended (see table V.), in which : 

Fn=the observed angle of the inclinator needle with 
constant iT^, 
and V = the angle which corresponds to the angle V^ for 

an inclinator with constant 1.0 H. 
The value of (? in a field disturbed by the presence of only 
one magnetic ore deposit varies from a maximum, directly over 
the pole of the ore body, with distance from the maximum in 
general at first rapidly, then more slowly, to zero, becomes 
weakly negative and at greater distances becomes again zero 
(see Fig. 34). Flattening of the crest of the curve, correspond- 



Fit>.34 




N 



ing to slow decrease from maximum, indicates either great depth 
below the surface, or a small angle of dip of the ore deposit. 

In the case of very complex fields, due to the presence of a 
number of magnetic ore bodies, it becomes necessary, for the 

*It is evident that in the case of this reduction the value of A^ must be re- 
ferred to the same locality, since H differs for different places. For Ottawa, 
Ont., ^=0.15. (C. G. S.) 
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purpose of determining the extent of the individual ore deposit, 
to construct profile curves (see Fig. 35). These curves are 
obtained by taking the values of Q across the deposits for ordi- 
nates and the distance between the stakes of the field (marking 




the points of observation) for abscissas. A number of such 
profile curves constructed for different parts of the field may be 
required for the determination of the extent of the different ore 
bodies. 



OHAPTEE XIY. 

INFORMATION CONVEYED BY THE CHARTS OF 

MAGNETIC INTENSITY. 

Plate II. shows the distribution of the isodynamic lines of 
the horizontal intensity of an ideal magnet. The neutral line 
is seen to intersect with the magnetic meridian over the pole 
Pg. A and B are points of indifference. Between these points 
the compass needle points south. Plate V* shows the distribu- 
tion of the horizontal intensity of a deposit of magnetite. The ore 
body being buried about 10 feet, the terrane nearly level and 
the ore body of a regular lense shape, consequently the curves, 

* Redrawn and coloured for this report by E. Nystrom from illustration in 
**Teknisk Tidskrift," January 25th, 1902, by H. Sundholm. 
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showing the magnetic intensity, are comparatively regular. The 
intersection of the neutral line with the line connecting the 
maximum and minimum gives in this case the location of the 
pole. 

Plate VII. shows the distribution of the horizontal intensity 
of another magnetic ore deposit. Here the neutral line M N 
divides the field into two general areas of maximum and mini- 
mum value of a. The maximum value of a is at (r, the mini- 
mum value at F, The letters tg in front of the numerals indi- 
cate that for these stations the sine method could not be 
employed, and a was obtained by the tangent method. The 
neutral line M N iB deflected by the small minimum area K, 
which is surrounded by another neutral line. The intersection 
of the neutral line M N with the magnetic meridian at Q does 
not in this case deteimine the location of the pole of the main 
ore body at this point, the pole being situated much further 
north. 

Within the minimum area occurs at jET a small maximum 
area surrounded by a neutral line. The pole giving rise to this 
maximum area is located at P, the intersection of the neutral 
line with the magnetic meridian, which is drawn out in black. 

From a mere inspection of the map it would appear that 
the areas H and I correspond to an independent small ore-body 
and it is only by a study of the distribution of the vertical in- 
tensity of the ore field (which is given in the same plate) that it 
is found not to be an independent ore-body, but a stringer in 
connection with the main ore-body. 

From these illustrations it will be seen that charts for the 
horizontal intensity are useful for single and simply shaped ore- 
bodies, but that they become complex in the case of a number of 
ore-bodies, or an ore-body with several branches. For the 
solution of the problems presented by the more complex mag- 
netic fields, produced by the joint distributing action on the 
normal terrestrial field of a number of magnetic ore-bodies, the 
charts of the vertical intensity, in conjunction with profile 



76 

curves, furnish most information. The isodynamic curves of 
these charts may be looked upon as contour lines and the chart 
as a topographical chart of the occurrence of the ore-body. 
Curves, long, narrow and of somewhat regular elliptical form, 
point to an ore deposit of regular form. The strike of the ore- 
body is along the direction of the longest axis of the curve of 
maximum intensity. ' Irregularities in these curves are occasioned 
either by neighbouring magnetic ore-bodies, or by the topo- 
graphical features of the terrane, which necessitated measure- 
ments at equal distances from the pole to be made at different 
altitudes. Hence the necessity, as pointed out previously, to 
incorporate the topographical features of the terrane in the 
chart. 

Very irregular curves indicate irregular distribution of ore 
masses. Such deposits often show nearly circular areas of 
maximum intensity which changes very little within the area. 
Calculations of depth below the surface give, in most cases, very 
discordant results. It is not possible to decide from magnetic 
measurements alone whether such deposits are workable or not. 

If the distance between the curves on the one side of the 
maxima is farther apart (i.e,, the vertical intensity decreases 
more slowly in this direction) than on the other side, either the 
ore deposit dips in this direction,* or the altitude of the terrane 
diminishes rapidly in this direction. 

The action of the lower pole of the ore-body comes into 
evidence in the production of an area of south pole attraction, 
which occurs with every magnetic ore deposit and which sur- 
rounds the area of north pole attraction. If the ore-body extends 
vertically to a great depth, the south pole attraction is corres- 
pondingly feeble, but increases in intensity as the dip of the 
ore-body decreases and the lower pole approaches the surface. 
(See Figs. 36 and 37). 

* Pag-e 45, ** Om Magnetiska Fyndig-heter och deras Undersokning 
medelst Magnetometer," af Th. Dahlblom. Falun, 1898. 
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South pole attraction will in general be observed in the 
level terrane, free from ore, contiguous to a cliff in which the 
ore crops out. The extent of the area of this south pole attrac- 
tion increases with the depth of the ore-body, and this may 
serve as a valuable indication of the extension of the ore-body 
in depth. 

Plate III shows the distribution of the vertical intensity 
in a horizontal plane of an ideal magnet. The upper pole is 
vertically beneath P„ the lower pole beneath P^, the inclination 
of the magnetic axis is toward the area of maximum south pole 
attraction. 

Plate VI shows the distribution of the vertical intensity of 
a deposit of magnetite (see page 74). The curves are here regular 
and of elliptical shape, indicating a concentrated mass of ore of 
regular shape, the strike being in the direction of the longest 
axis of the curves of maximum intensity and the dip to the 
north (about 65°). The influence of the rock dump (containing 
some ore) in giving rise to new curves at the portion of the field 
covered by the dump is especially instructive*. The width of 
the deposit was about 15 feet and the length about 165 feet. 

In the case of the ore field, Plate VII, A, B and C are 
areas of maximum north pole attraction. A and B are eleva- 
tions of the pole area of the main ore body, between these areas 
the pole area is concave. (7 is a stringer in connection with the 
main ore body. The magnetic axis of the deposit dips toward 
the south-east. The strike of the upper pole area is north-east 
and dips in that direction. The area of south pole attraction to 
the west of A is due to the fact that the terrane slopes rapidly 
from A toward D, which locates the stations of observation of 
area D below the pole of the main ore body. 

In the case of an ore deposit with extension in length 
several times greater than in depth, south pole attraction is in 
general developed at the north end of the deposit, particularly 
when the strike of the deposit is in the N. S. direction and the 

* See also map of horizontal intensity, Plate V. 
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intensity of such attraction is especially manifest in cases where 
the north end of the deposit pinches out wedge shape. The 
lines of force of the earth's magnetism enter the north end of 
the deposit and there develop south pole attraction. They then 
travel, on account of the greater permeability of the ore deposit, 
through the greater length of the deposit, leaving it at the south 
end, where north pole attraction is consequently developed (see 
Fig. 5).* 

Two magnets of equal strength, with extended pole areas, 
placed with their axes parallel, a short distance apart and with 
like poles in the same direction, produce a field of force, in 
which the lines of force are shown crowded together in the 
space adjacent to the space separating the magnets. The lines 
of force proceeding from the north pole areas, which would 
return through the space between the magnets to the south 
pole, are deflected outward in a direction parallel to the axes of 
the magnets. The consequence of this is that the field of force, 
in a plane perpendicular to the axes of the magnets and a short 
distance from the poles, shows only one maximum of vertical 
intensity directly over the point midway between the magnets 
From this maximum the intensity decreases, at first slowly, then 
more rapidly, so that a profile curve will exhibit flattening of 
the crest. Two maxima will appear, when the distance between 
the poles is greater than the distance of the poles from the plane 
of observation. The maxima will, however, not be directly over 
the centers of the pole areas, but their position will be found 
shifted in the direction of the space separating the magnets. 

These observations will evidently also be made in the case 
of two parallel magnetic ore bodies. If the distance separating 
them be not great, only one area of maximum vertical intensity 

* If the mag-netic north pole of the earth be reg-arded as the north pole of 
a mag-net, a magnetic needle will point with its north seeking pole in a direc- 
tion north, and since opposite poles attract, this pole will be the true south 
pole (Lord Kelvin's designation of north seeking pole). We shall, therefore, 
have at the north end of the deposit the south seeking, or true north pole, at 
the south end the north seeking, or true south pole of the needle, attracted 
downwards. 
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will be observed, as in the case of a single ore body. K the 

space between the ore bodies is greater than the distance of the 

poles from the plane of observation, the differentiation into two 

ore bodies will be shown by the occurrence of two maxima of 

vertical intensity. 

Whenever the profile curves show complicated or unusual 

forms, it becomes necessary to analyse the complex curve into 

its component curves, by constructing trial curves within the 

complex curve, until the algebraic sum of the ordinates of the 

overlapping trial curves corresponds to the actual ordinates of 

the complex curve. 

Fio.38 




Figure (38)* is an illustration of a complex profile curve, 
representing the actual occurrence of an ore deposit, consisting 
of four separate layers. The dotted curves show the final trial 
curves. The algebraic sum of their ordinates corresponds to the 
ordinates of the curve obtained by the magnetometric measure- 
ments. 



* From Uhlich, Markscheidekunde, pag-e 383. 
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CHAPTER XV. 

DETERMINATION OF THE DISTANCE OF THE 

UPPER POLE OF A MAGNETIC ORB BODY 

BENEATH THE SURFACE. 

Ist Method. — By treating a magnetic ore body as an 
ideal magnet, in determining the distance of its pole from the 
plane of observation, results are obtained, which experience has 
shown accord fairly well with fact. 

Let the line A Bin Fig. 39 be a line drawn through the 
place of maximum 

vertical intensity ^^* 

Oj^. Let be the 
value of the verti- 
cal intensity at B, 
and further, let d = 
the distance of the 
plane of observa- 
tion above P, the 
pole of the magnet. 
Let Vj^ be the angle 
ascertained with 
the inclinator at A, 
V the angle of the 
inclinator needle at 
station B,a = strength of pole P,/a the magnetic force at A, due 
to the pole P,/b the magnetic force at B, due to the pole P, x the 
angle between A P and B P, then : 




/a= 32 = ^ ^^^9 ^m= G^m 



d^ 



fi 



(BPy 



\C08Xl 



2 = ^2'C0f?X = C B 



(43) 
(44) 



/b cos x = C B cos a; = G = 



aco^x 



K tdng V (45) 
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From (43) and (45) we have : 



a tang v 

^^^ co^a: = P^^!^ (46) 

tan(/ r,„ 

we have, further, see Figure (39) : 

d=ABcotx (47) 

tang v 
The values x and cot x, corresponding to the values may 

be taken at once from the tables accompanying this paper. (See 
Table VI). 

For the application of this method two values of are 
required to be accurately determined, G^^ for A and G, which 
should not be less than J 0^, for B. The distance A B\^ accur- 
ately measured. The best results are obtained when A Bi^ laid 
off from the point of maximum intensity across the strike and 
on the side of most rapid variation of 0. 

If y' and y" are the distances from the point where G is a maximum 

G C 

to points where G = -^ and -^ respectively, we have, see equa- 

tions 43, 45 and 46 : 

Ktanqv G ,,^, 

co,^x = j^. ^— = 7^ (48) 



and hence for G = 



m 

G. 



m 



3 

cos x^=v\ 

n 

and for G = -^ cos x"=f^ J 

The cotangents of x' and x" equal nearly 1 and Irrespectively, 
lience : 4 

<i = y'= n y" <^^) 

or the depth of the upper pole of the ore deposit below point A , 
for which G is a maximum, is equal to the horizontal distance 
from A to the point for which G = ^ G^, or equal to 1 J times the 
distance from A to the point for which G =^ ^ G^. 

Equation (45) -^^ co,^ x = G represents the equation of the 

veHical intensity curve. 
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From equation (44) : 

a 

we have for the horizontal intensity F, the expression : 

a 

F = f^ sin x = -T^ co8^ X sin x (50) 

which represents the equation for the horizontal intensity curve. 

This method is applicable only to ore bodies which are 
vertical or very nearly so. 

2nd Method. — The lines of force passing out of the north 
pole of a magnet, which make a small angle with the prolonga- 
tion of its axis, are very nearly straight lines. This fact may 
be employed for the following method of determining empirically 
the distance of the pole beneath the surface : 

A line is laid off through the point of maximum value of 
and perpendicular to the strike of the ore-body. On this line, 
commencing from the point of maximum intensity (?m, distances 
of from 2 to 5 yards are staked out and for these points G, R 
and d are accurately determined. If the magnetic meridian has 

previously been 
determined, the 
component F oi R 
is found by the fol- 
lowing construc- 
tion : 

Let <Jo be the 
angle included be- 
tween the magnetic 
meridian and the 
station line and ^i 
the angle included 
between this line 
and R at station Si, 
(See Fig. 40.) 
Through fifi, representing a station, lay off* a line making 
an angle (Jo with the station line, and on it, from S\, cut off" any 



Fig. 40 
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convenient distance taken as unity. From the same point 8i 
set oflF a line of length n H = R, making an angle ^i with the 
station line and complete the parallelogram with R as the 
diagonal. Si B will then be F, the component of R required, 
and its intensity will be represented by its length on the same 
scale employed for H and R. The values of F are thus obtained 
by construction for every station and the angle if which the 
direction of the total magnetic force, due to the magnetic deposit, 
makes with the horizon, can now be calculated from the ex- 
pression : 

tang <P = y 

or may be constructed for the different stations from the known 
values of and F. 

A line is now drawn to scale, on which the different stations 
are set off, and at each station /Si, 8^8^ etc., the calcu- 
lated angles ^i, ^2, fz> etc., laid oflF. These lines are pro- 
longed until they intersect, and the mean distance of the inter- 
sections from the line, representing the plane of observation, is 
taken in terms of the scale employed, as the distance of the 
pole of the deposit from the surface. 

3rd Method. — A third method is based upon the fact 
that the curves of total intensity drawn about the poles of ideal 
magnets are in the vicinity of the poles very nearly circular. 
The method consists in finding three points for which the total 
intensity is the same. These three points will lie on the cir- 
cumference of one of the isodynamic curves of total intensity 
about the pole. (See Fig. 41). 

To apply this method stake off a line through the point A, 
at which G^ is a maximum, at right angles to the strike of the 
ore body and observe at distances of three yards along the line 
very accurately the values of G, R and 3, Erect a scaffolding 
or a step-ladder over the point J., for the purpose of deter- 
mining the value of at different heights above A, for which 
station the values of F along the vertical line of observation 
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values V F^^CP, for 
the other two stations 
we have, if d is the 
distance from A to 
one of these stations, 
D the distance of the 
pole of the ore body 
below A and r the 
radius of the curve of 
total intensity (see 
Fig. 41), 

d? + A2 



r = 



2h 



Fig: 41 



are equal to zero, and, therefore, the different observed values 
of G equal to the total intensities T. Calculate, as previously 
indicated, the value F 
for each of the sta- 
tions on the line stak- 
ed off through A and 

find two stations on. 

this line for which the 
total intensity T = 

] F^+GP has the 
same value as one of 
the observed values of 
G above A. li h is 
the accurately meas- 
ured height above J., 
for which the value 
G is equal to the 




and 



D = r — h = 



d^ + h? 



h = 



dfi — h? 



(51) 



2h 2h 

As an illustration of this method we find for the ideal magnet 

(Plate I), for /i = — meters above the point 0, ?n, G = 45.5 and, 

o 
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by the use of the curves (Plate I), d = 14.5 meters, for which 
} F^-\-G^ has the same value, hence : 

D= ?_ = 29.87 meters, 

20 

3 
which differs only by 0.13 meters from the true value. 

4th Method. — The following method* requires only the 
determination of G^max *^^ * value of G at a short distance ver- 
tically above the point for which G = G^max- I^ is> moreover, 
independent of the nature of the terrane. 

Let o equal the pole strength of the magnetic ore deposit, 
D the distance of the pole from the plane of observation at the 
point where =f G^max» ^^^ ^ ^he distance between this point 
and the one vertically above it, for which may have the 
value Oi. 



We then have : 



''^G. 



T\2 ^ max' 



{D + df 

d.VGl 

and D = , -y= (52) 

To illustrate the applicability of this method, Gmax = ^^-^ ^oi' 
point 0, m, Plate III, Gi for a point at a distance of 3 meters, 
vertically above it, was found to be 46.7. Hence : 

3 . l/46?7 3.6.83 ^^ _ . 

D = —= 7= = -^-^^ = 30.13 

which result differs only by 0.13 meters from the actual depth 
of the pole beneath the plane of observation, which was taken 
as 30 meters. 



♦Dahlblom loc. cit., pp. 53 and 54. 
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CHAPTER XVI. 

DETERMINATION OF THE EXTENSION IN DEPTH 

OF A MAGNETIC ORE BODY. 

This determination consists in finding the length of the 
magnetic axis of the ore deposit, i.e., the distance between the 
upper and lower pole of the ore body, which, in the case of 
massive magnets, is f of the actual length.* 

1st Method. — The following method is due to Dahlblom 

and is based upon the fact that the contours of the lines of force 

of a magnet are independent of the length of the magnet, as is 

evident from the fact that in the equation of the lines of force, 

a , 
(Eq. 1)- is constant. The magnetic ore deposit is treated as an 

ideal magnet and the inclination of its lines of force to the plane 
of observation determined along a section perpendicular to the 
strike of the ore deposit. For this purpose a line is staked out 
across the point of maximum vertical intensity and extended 
over a distance on both sides of G^max double the length of the 
north pole attraction. Distances of 30 feet are laid off on this 
line and for each station the values d, R and G are accurately 
determined. {Rhy the sine method). 

The direction of the meridian is determined from the average 
value of 8 at places where G is nearly equal to zero and R nearly 
equal to H, or from the known declination of the locality and 
the astronomic meridian. From the values 5, R and H the values 
F are obtained for the different stations fi^^, as previously ex- 
plainedjf and f , the angle of the lines of force with the plane of 
observation for these stations, calculated from the equation : 

G 

tang <P = ^ 

* According to Dahlblom, ^q corresponds in practice better in the case of 
ore deposits. 

t See pag-e 83. 



A line A Bia now drawn through the diagram of the linea 
of force of an ideal magnet (aee Fig. 42), at an inclination to 



Pg P,„ corresponding to the dip of the ore body. At the points 
of intersection between the line A B and the lines of force, the 
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angles <p, which the lines of force make with the line A B, are 
measured with a protractor. The line is now separately drawn, 
(see Fig. 43), the points of intersection of the lines of force with 
it laid off and the corresponding angles if written beside them.* 

It becomes now a question to ascertain on what scale the 
diagram of the lines of force of the ore-deposit requires to be 
drawn, in order that the observed values of ip may coincide with 
those points on the line A B, at which the lines of force of the 
experimental diagram (see Fig. 42) include the same angle with 
the line A B. If the scale of the two diagrams were as 1 : 2000, 
the magnetic axis of the ore deposit would be 2000 times the 
length of the magnet of the experimental diagram. 

The following example, taken from the plotting of the 
isodynamic lines (see Plates II and III) of an ideal magnet 100 
meters in length, with its upper pole 30 meters below the plane 
of observation and dip of 53° to the horizon, will show the pro- 
cedure of determining this scale. 



rii^.43 




Through the point C, (see Fig. 43) corresponding to the 
value (f = 90°, another line D E, making any convenient angle 

* Instead of measuring- the ang-les of the intersection with A B of all the 
lines of force of the diagram (Fig-. 42), it is, in most cases, sufficient to choose 
along the line A B points at equal distances apart, corresponding to the stations 
in the ore field, and to determine the angles of intersection of the lines of 
force with -^ -^ at these points only. If lines of force in the diagram (Fig. 42) 
do not pass through these points, such lines are easily intercalated and the 
angle of intersection with A B ascertained. 
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with A B, is drawn, and upon it, starting from the point C, 
corresponding to G^max^ ^he stations Si, S2, etc., are marked on each 
side of (7, on any convenient scale, as 1 : 2000. The scale em- 
ployed in this particular case is 1 : 2362. The points for which 
(p has the same value on A B and D E are now joined by lines, 
which would be parallel, if the construction were free from error. 

If 2 Z = the length of the magnetic axis representing that 

of the ore deposit, 

2 1 = 4.064 cm., the length of the magnetic axis of the 
ideal magnet, (Fig. 42), 

(7i = 11.84 cm., the distance on a scale of 1: 2362 
on the line in the ore field through Gmax' be- 
tween the points for which (p has the value of 
8° and — 84°, 

f Z2 =^ 11.35 cm., the distance on scale 1 : 1 on the line 

A By between points for which the angles ip 

have the same values. 

We have the proportion : 

2 X : 2l = di\d2 

and 

11 84 
2 Z = 7Ti77- 2362 . 4.064 = 10012. cm.=: 100.12 meters. 
11.00 

Such nearly perfect parallelism of the lines joining equal 
angles onAB and D E cannot be expected in the case of an 
actual ore body, because it is not an ideal magnet nor are the 
observations free from error. Moreover, the distance of the 
plane of observation from the upper pole and the inclination of 
the magnetic axis to this plane are not accurately known. It 
may, therefore, become necessary to try other lines at different 
inclinations to P, P^ (Fig. 42), and at different distances from P, 
and select that one for the final calculation, which furnishes the 
most satisfactory parallelism. P. Uhlich states that more per- 
fect agreement, between the fields of force of a magnet and 
magnetic ore deposits, is often obtained by employing the diagram 
of the field of force of two unlike poles of unequal pole strength. 
(See Fig. 3). 
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Fig. ^Ul 



To facilitate the appli- 
cation of this method a 
tracing made of Plate 
VIII, which represents a 
field of force of an ideal 
magnet, may be em- 
ployed. 

2nd Method.— The 

following method, de- 
pending on the determi- 
nation of the angle 
which the prolongation 
of the magnetic axis of 
the ore deposit includes 
with the line drawn 
from the center of the " ' 
magnetic axis to the 
point of observation, is 
due to Professor Robert 
Thal^n.* 

Let : ^ D be the plane of observation, 

D the point of observation for which G and F have 
been determined, 

S N the magnetic axis of the ore deposit, 

2 I the length of this axis, 

z the vertical distance from plane of observation to 
center of the magnetic axis, 

X the distance A Z), i.e., from point for which (r is a 
maximum to point where vertical intensity has 
the observed value (r, 

(p --= the angle made by prolongation of magnetic axis 
with line drawn from center of magnetic axis 
to D, point of observation, 

c = length of this line, 




* Jern-Kontorets Annaler, Femtiondefjerde Arg^ang-en, 1899, Sjette Haftet. 
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Y = the angle included at upper pole, between the lines 

SAa.ndSD, 
(0 = the angle included at lower pole, between lines N A 

and N D, 
ij = the strength of the pole S or iV, 
Pi= the force exerted by S at D, 
^2= the force exerted by N at Z), 

i'^iand Gi= the horizontal and vertical components respectively 

ofPi. 
^2 and ©2= the horizontal and vertical components respectively 

of Pa, 

We then have : 

(J 



a 

x^~+ (z + If 

Fi=Fi sin Y, F2 = P2 sin co 



P2= 



sill Y = . — - , sin co = 



Vx^ + {z —If ' Vx^ +{z+ If 

IP ^ ^ 

P __ " ^ 

If M is the moment of the magnet, we have : 

M 
" = 27 

_ MX( 1 1 1 /CQ\ 

(ti = Pi COS Y\ ©2 = ^2 CO,S fei ; 

z — I z-\-l 
COS Y = — = ; COS 10= ^^ 



\ x^ + {z—lf V x^ + (z+lf 



ft 



x^ + {z—lf yx^+(z—lf 

a z + l 



0=0^—0^-) 
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x^+{z—lf=^c^+V—2 clcoatf 

If we can neglect j which is a very small quantity gener- 
ally : 

[f+{z-lf\-^^ i [l + ^cos i] 

z — c COS (p\ x = c sin <p 

F = — -^ cos^if ,sin(p (55) 

z 

Further : 
M r Hlz ,3^2 3i;2 

+ — C08^J 

if 



G = ^[3.o.V-l] 



(? = _ C083 ^ TS COSV — l1 (56) 

jP 3if ^ . 03 

G z^ ^ ^ M cofr <p (3 cos^ <p — 1 ) 

3 cos <p sin <p 3 tang if 

3 cos^ (p, — 1 2 — tang^ tp 

and tang^ ^ + 3 ^ tanng (p = 2 (57) 

From which formula f is obtained. 
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tangf=^l^ + 2-l-^ (58) 

We have further : 

z = =: X cotanq w (59) 

tang (p ^ ^ 

This formula is applicable only in the case of ore bodies which 

are vertical, or very nearly so. 

The point D, for which and F require to be determined 

should be chosen in the line passintr through ©max ^^ right angles 

to the strike. 



CHAPTER XVll. 

LABORATORY PRACTICE. 

For purposes of laboratory practice in the various methods 
described in the foregoing report, the following experimental 
table will be found convenient. 

The frame consists of 4 uprights of hard, well seasoned 
wood, 4 X 4 X 40 inches, with side pieces of same material, 
2x6 inches, dowelled into them. (See Figs. 46 and 47). Two 
parallel side pieces carry the brass rails S, (Figs. 46 and 47) 
which are fastened with brass screws to the side pieces, as shown 
in Figs. 48 and 49. 

On these rails move the castings N N, which are each pro- 
vided with three rollers. Pi, F2, P3, to obviate friction. The 
screws Q fit in slots of the rails to prevent upward displacement 
of the castings N and serve to fix the latter in any desired 
position on the rails. The rails are graduated into 6 centimeter 
divisions and the position of N is read from the knife edge iJ, 
which is in the plane passing through the center of the magneto- 
meter. 

The tube A which carries the magnetometer and its support 
is fastened rigidly to the castings N by the screws 0. (See Fig. 
49). The tube A is graduated throughout its length into centi- 
meters and the position of the center of the tube D, which 
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carries the magnetometer, is read from the index on the bevelled 
side of the broken through part K of the support C. To pre- 
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vent the rotation of the support C on the tube A, the tube is 
provided with a key throughout its length, which fits into its 
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seat, as shown at B. (Figs. 48 and 49). Screw fastens the 
support C in any desired position on tube A. 

The tube D, which, by means of screw plug if, carries the 
magnetometer, is graduated throughout its length into \ cm. 
divisions and is secured by screw H. Rotation of the tube 
in its support is prevented by a key E, fitting into its seat, as 
shown in Fig. 60. The length of tube D is conveniently taken 
as 46 cm. In the case of examining representative ore bodies 
close to the plane of observation, a tube should be provided 7 
centimeters in length. If other instruments are to be attached 
to tube D, appropriate screw plugs, fitting the instrument, re- 
quire to be provided. The position of D is read at L. (Fig. 48) 

• 

It will be seen that by means of the graduations on the 
rail S and tube Ay the whole field of observation represented by 
the interior dimensions of the experimental table may be divided 
into squares of \ decimeter on the side, and the magnetometer 
may be brought into positions with its center vertically above 
the corner of the squares. For intermediate positions the sub- 
divisions an tube A may be used and those on rail S estimated. 

The experimental table should be set up in a basement room 
as free from iron as possible, at le€ist free from moveable pieces 
of iron, and the uprights should have a solid foundation free 
from contact with the floor. Brass angles may be employed 
to secure the uprights firmly to the floor, as shown in Fig. 47. 

The ore body or bodies may best be represented by large 
pieces of hard cast iron or hardened steel. These should be of 
dififerent shapes and dimensions, some lenticular, others thick 
plates with rectangular cross sections and some of irregular 
shape. These may be magnetized in any desirable direction by 
carrying a magnetizing current around them. The axis of the 
area enclosed by the current will constitute the magnetic axis 
and since both hard cast iron and steel retain magnetism after 
the current is withdrawn these bodies will now constitute per- 
manent magnets, which, placed under the plane of observation 
of the table in any desirable position, may be examined singly 
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or be grouped in any manner, and their magnetic fields deter- 
mined and charts of the horizontal and vertical intensity con- 
structed. The distance of the representative ore body from the 
plane of observation may be regulated by supports of proper 
height placed beneath the magnetized bodies. To enable the 
observer to vary the terrane of the field, the support of the 
magnetometer is so arranged that it may be raised or lowered a 
predetermined amount for any post of observation, thus copying 
an agreed upon topography. 

Experimentation with such a table and the construction of 
charts of the measurements made of the field produced by the 
experimental ore bodies, in groups and singly, with the plane of 
observation level, and at different distances from the ore bodies, 
and when representing a difiicult terrane, will confer upon the 
experimenter an insight into the complex curves resulting, which 
cannot be attained by any amount of theoretical study. Com- 
paring his results with the known size, disposition and depth 
beneath the plane of observation of hi» experimental ore bodies, 
he will soon become possessed of a sound knowledge of the var- 
iation of the field produced by the varying conditions of his 
experiments, which will enable him to interpret with some 
degree of confidence the charts constructed from measurements 
of actual ore bodies made in the field. Without such an experi- 
mental knowledge gained in the laboratory, and relying simply 
upon his theoretical knowledge of the subject, the observer will 
often, after having plotted his observation and drawn his curves, 
find himself unable to arrive at sound conclusions regarding the 
limit and distribution of the ore bodies in any complex case. It 
is for these reasons strongly recommended that mining schools 
which desire to take up this subject as part of their curriculum 
provide every facility to their students to render themselves 
competent, by extended laboratory work, to undertake magnetic 
surveys, and enable them correctly to interpret the results of 
their measurements. 

By changing the groupings of the representative ore bodies 
and the assumed topography for each succeeding class, a sufli- 
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cient number of charts will soon be accumulated, which will 
constitute additional valuable material for study by future 
classes. 

APPENDIX. 

THE DAHLBLOM MAGNETOMETER. 

Very recently Th, Dahlblom has invented a very convenient 
Pocket Magnetometer*, of which he has kindly sent me descrip- 
tion and photographs.! 

Description of the Magnetometer.— The magneto- 
meter consists of a compass box A, (see Plate A and B showing 
face and back of the instrument) which is attached to the 
support jB, permitting revolution of the compass box about an 
axis passing through the pivots of the compass needle. The 
support B is provided with a box level (a), an arm with ring (6) 
for vertical suspension, two cylindrical axes, ci, c% and three 
indices, d\, c^, c^, of which d\ and d^ are attached to the axes, 
Ci, C2, and d^ to the frame of the box level (a). 

The needle {e) is supported in jewelled bearings. To the 
lower pivot of the needle one end of a spiral spring (/)J is 
fastened, the other end is carried to the attachment (gr) which 
permits by use of a screw the regulation of the tension of the 
spring. The arrest and release of the needle are effected by 
turning axis Qi) which operates upon a spring. 

Adjustment of the Magnetometer.— The Thal^n- 
Tiberg instrument is set up and levelled and arm E made to 
coincide accurately with the magnetic axis of the needle. The 
compass is removed and the axes c\, C2, of the Dahlblom Magneto- 
meter inserted in the supports. The glass cap having been re- 
moved the magnetic axis of the needle is made to coincide 
with the axis of the arm E by turning the screw of attachment 
{g) in the appropriate direction. The needle will now be in the 

* Made by J. L. Rose, Upsala, Sweden. 

f Letter dated Falun, Sweden, 23rd November, 1903. 

X Spiral spring- is not shown in illustration. 
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magnetic meridian and point to 0° on the scale of the compass 
box. As thus adjusted, the general resultant of the forces acting 
upon the needle 'is zero. 

It may be convenient, though not necessary, to counteract 
the vertical intensity of the normal field by the application of a 
small piece of wax on the south arm of the needle. 

Measurement of the Horizontal Intensity. —The 

compass box is turned in its support until one of the indices, 
••^y di, points to 0°. The magnetometer, as a whole, is now 
turned until the needle accurately reads 0°. This operation 
brings the magnetic axis of the needle into a position parallel to 
the magnetic meridian of the place of observation. The support 
B of the magnetometer is now held firmly, while the compass 
box is turned in the support in one or the other direction, until 

the needle is forced by the spring 
to occupy a position at right 
angles to the position when in 
the magnetic meridian. To effect 
this the compass box will require 
to be turned through an angle 
greater than 90° and the angular 
difference a between the rota- 
tion of the compass box and 90*^ 
will measure the tension of the 
spring which is counterbalanced 
by the horizontal intensity act- 
ing at right angles to the mag- 
netic axis of the needle. (Fig. 51). 
If iffl is the moment of rotation due to the horizontal 
intensity of the field, Mq the moment of rotation in the opposite 
direction due to the spring, we have : 



Fid 51 

17 




M^=M, 



or 2H;jtl = Ka' 



(60) 



*A' is a factor which, when multiplied by the angle of torsion, represents 
the moment of rotation exerted by the spring upon the compass needle. 
Within limits this factor may be regarded as a constant. 
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If, for instance, the observation is made in a normal field 
and angle ao=25° while in the disturbed field ai=41°, we 
have : 

and 2iJ/ii = A"41° 
or ir:iJ = 26^:41° 

41° 
and R = H^ = l.64^H 

In the case of a field of great intensity, to avoid either too 
great a tension or laxity of the spring, for which extremes K 
would have diflferent values, it is better to force the needle by 
revolution of the compass over an angle of 30° only. 

To effect the measurement of R in terms of Hy under this 
condition, the index is set at 30° and the whole instrument 
turned until the needle reads 
0°. The compass box is then 
rotated in its support until the 
needle points to the index. (See 
Fig. 52.) We shall then have, 
if «i for example equals 34° : 

84° : 26°= R sin 30° : H 

34° 
s,ndR = 2^r^H = 2.72H 

Dahlblom states that he has 
made comparative measurements 
with the Pocket Magnetometer 
and the Thal6n-Tiberg Magneto- 
meter, and finds that the result 
shows a close agreement of the 
measurements made with the 
two instruments, even when the Pocket Magnetometer was used 
entirely without support and simply carried by hand. 

To show the comparatively slight effect of the imcertainty 
of the manipulation when using the Pocket Magnetometer with- 
out a support, the following illustration is given by the inventor 
of the instrument : 
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Assume (Fig. 63) that the magnetic axis of the needle is 
not parallel with the mag- 
netic meridian of the place 
of observation, but includes 
with it an angle of 4° and 
that when the observer 
rotates the compass box 
in its support to bring the 
needle into a position per- 
pendicular to the magnetic 
meridian, he rotates the 
instrument and support in 
the opposite direction over 
an angle equal to 5°. The 
needle will then evidently 
have moved not over 90° but only over 81°, and the reading will 
give a smaller value for iJ, for we have : 

Ri: R = sin SI"" : sin 90"" 
Ri= 0.988 R 

If the errors are not, as in the example given, in the same 
direction, the resultant error has little influence. 

When employing a deviation of 30° in the measurement of 
strong fields, Dahlblom expresses the opinion that by taking the 
average of three observation for one locality the results obtained 
with the Pocket Magnetometer are more accurate than those 
obtained from measurements made with instruments requiring a 
deflecting magnet. 

Vertical Intensity. — If the indices di, d^ point to zero 
and the magnetometer be turned vertical, the magnetic needle 
will include some angle with the horizon represented by the 
indices di, c^. By rotating the compass box in its support in 
the appropriate direction the magnetic axis of the needle may be 
brought to coincide with the indices di, d^. In this position the 
vertical component of the magnetic force of the field is perpen- 
dicular to the magnetic axis of the needle and the tension of 
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the spring counterbalances this force. The tension of the spring 
was adjusted so that, when the needle pointed to 0°, the effect 
of the spring to produce rotation was zero also ; therefore, when 
the needle is brought by rotation of the compass box in its sup- 
port into the horizontal position the amount of rotation from di 
to the zero point measures the angle v which produces the tension 
of the spring just sufficient to counterbalance the vertical force 
of the field. This angle is read at the north end of the needle, 
positive intensity from 0° downwards and negative intensity 
from 0° upwards. 

If G is the vertical component due to the magnetic ore 
deposit and Fthe vertical component due to the normal field, v 
and Vq the angles due to -\-V and V respectively, we have : 

2{G+V)fil=^Kv (61) 

«o 

G=-H—V 
«o 

«o 
hence : 0=^—-"^H (62) 

If, therefore, an observer reads in the normal field Vq = 
+ 15*^ and in a disturbed field respectively +5*^ and + 72°, 
then : 

(?i- ^~}^ H= -]^H = - 0.40 H 
lb Id 

72 — 1 5 57 

and (?2=^g—/f=+ 25-^^+2.28^ 

If the compass needle has been compensated for the vertical 
component of the normal field, t^o = 0*^ and the angle observed 

G=-H (63) 

In measuring the vertical component of a very strong field 
it is advisable to employ a deviation of only 30*^ from the ver- 
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tical. In this case, however, it is requisite, to eliminate the 
effect of the horizontal component, that the plane of the magneto- 
meter be placed at right 

angles to the magnetic I - *^^§'^^' 

meridian. To facilitate the 
measurement an extra in- 
dex, di, should be provided 
and fixed at 30° from dg, 
as shown in Fig. 54. 

Assume the magneto- ~~ 
meter with its face at right 
angles to the magnetic 
meridian and the needle 
standing as shown by the 
dotted outline. (Fig. 54). 
The compass is now ro- 
tated in its support until 
the needle points to index 
^4. The reading from the zero point of the graduation to the 
north end of the needle gives the angle v, and we shall have : 

(G+V)dnS0''2fJLl = Kv (64) 

H2fJLl = Kao 

G+V=2- H 

«o 

2v 
G = — H—V 




V 



G 



2V 



H* 



«o 

2 (v -V) 



H 



(65) 



The angle Vq for the normal field requires to be determined with 



* F sin S0° 2 yU/^JiTvo' 
H2 ,u l^Ka^ 



and hence F= 



2v, 



a, 



H 



The DAhii-btLOM Pocket Ma( 
(Face) 



The Dahlblo) 
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exaictitude. Thus, if Vq = — 8° in the normal field and v in the 
disturbed field is found to be + 32°, we have : 

The following are some of the advantages of the Dahlblom 
Pocket Magnetometer : 

1st. — For not too strong fields the measurements of the 

vertical intensity are independent of the magnetic 

meridian. 
2nd. — The magnetic forces being balanced against the 

tension of a spring render the long arm E and a 

deflecting magnet unnecessary. 
3rd. — By rotating the compass box, when held vertical, 

until the needle stands horizontal in the normal 

field, the magnetometer may be used for prospecting, 

indicating by the deflection of the needle approxi- 
mately the vertical force of the ore field. 
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Table I. 

Table of Values of —. 

8ina 



a 


= 1° 


2° 


3° 


4° 


5° 


6° 


7° 


8° 


9° 


10° 


10° 


9.95 


4.97 


3.32 


2.49 


1.99 


1.66 


1.42 


1 25 


1.11 


1.00 


11 


10.93 


5.47 


3.64 


2.73 


2.19 


1.82 


1.57 


1 37 


1.22 


1.10 


12 


11.91 


5.96 


3.97 


2.98 


2.39 


1.99 


1.71 


1.49 


1.33 


1.20 


13 


12.89 


6.44 


4.30 


3.22 


2.58 


2.15 


1.85 


1.62 


1.44 


1.29 


14 


13.86 


6.93 


4.62 


3.47 


2.78 


2.31 


1.98 


1.74 


1.55 


1.39 


15 


14.83 


7.42 


4.94 


3.71 


2.97 


2.48 


2.12 


1.86 


1.65 


1.49 


16 


15.79 


7.90 


5.27 


3.95 


3.16 


2.64 


2.26 


1.98 


1.76 


1.59 


17 


16.75 


8.38 


5.59 


4.19 


3.35 


2.80 


2.40 


2.10 


1.87 


1.68 


18 


17.71 


8.85 


5.90 


4.43 


3.55 


2.96 


2.54 


2.22 


1.97 


1.78 


19 


18.65 


9.33 


6.22 


4.67 


3.73 


3.11 


2.67 


2.34 


2.08 


1.87 


20 


19.60 


9.80 


6.53 


4.90 


3.92 


3.27 


2.81 


2 46 


2.19 


1.97 


21 


20.53 


10.27 


6.85 


5.14 


4.11 


3.43 


2.94 


2.57 


2.29 


2.06 


22 


21.46 


10.73 


7.16 


5.37 


4.30 


3.58 


3.07 


2.69 


2.39 


2.16 


23 


22.39 


11.19 


7.46 


5.60 


4.48 


3.74 


3.21 


2.81 


2.50 


2.25 


24 


23.30 


11.65 


7.77 


5.83 


4.67 


3.89 


3.34 


2.92 


2.60 


2 34 


25 


24.21 


12.11 


8.07 


6.06 


4.85 


4.04 


3.47 


3.04 


2.70 


2.43 


26 


25.12 


12.56 


8.38 


6.28 


5.03 


4.19 


3.60 


3.15 


2.80 


2 52 


27 


26.01 


13.01 


8 67 


6.51 


5.21 


4.34 


3.72 


3.26 


2.90 


2.61 


28 


26.90 


13.45 


8.97 


6.73 


5.39 


4.49 


3.85 


3.37 


3.00 


2.70 


29 


27.78 


13.89 


9.26 


6.95 


5.56 


4.64 


3.98 


3.48 


3.10 


2.79 


30 


28.65 


14.33 


9.55 


7.17 


5.74 


4.78 


4.10 


3.59 


3.20 


2.88 



a 


= 11° 


12° 


13° 


14° 


15° 


16° 


17° 


18° 


19° 


20° 


«o 


















10° 


.91 


.83 


.77 


.72 


.67 


.63 


.59 


.56 


.53 


.51 


11 


1.00 


.92 


.85 


.79 


.74 


.69 


.65 


.62 


.59 


.56 


12 


1.09 


1.00 


.92 


.86 


.80 


.75 


.71 


.67 


.64 


.61 


13 


1.18 


1.08 


1.00 


.93 


.87 


.82 


.77 


.73 


.69 


.66 


14 


1.27 


1.16 


1.07 


1.00 


.93 


.88 


.83 


.78 


.74 


.71 


15 


1.36 


1.24 


1.15 


1.07 


1.00 


.94 


.88 


.84 


.79 


.76 


16 


1.44 


1.33 


1.22 


1.14 


1.06 


1.00 


.94 


.89 


.85 


.81 


17 


1.53 


1.41 


1.30 


1.21 


1.13 


1.06 


1.00 


.95 


.90 


.85 


18 


1.62 


1.49 


1.37 


1.28 


1.19 


1.12 


1.06 


1.00 


.95 


.90 


19 


1.71 


1.57 


1.45 


1.35 


1.26 


1.18 


1.11 


1.05 


1.00 


.95 


20 


1.79 


1.64 


1.52 


1.41 


1.32 


1.24 


1.17 


1.11 


1.05 


1.00 


21 


1.88 


1.72 


1.59 


1.48 


1.38 


1.30 


1.23 


1.16 


1.10 


1.05 


22 


1.96 


1.80 


1.66 


1.55 


1.45 


1.36 


1.28 


1.21 


1.15 


1.09 


23 


2.05 


1.88 


1.74 


1.61 


1.51 


1.42 


1.34 


1.26 


1.20 


1.14 


24 


2.13 


1.96 


1.81 


1.68 


1.57 


1.48 


1.39 


1.32 


1.25 


1.19 


25 


2.21 


2 03 


1.88 


1.75 


1.63 


1.53 


1.44 


1.37 


1.30 


1.24 


26 


2.30 


2.11 


1.95 


1.81 


1.69 


1.59 


1.50 


1.42 


1.35 


1.28 


27 


2.38 


2.18 


2.02 


1.88 


1.75 


1.65 


1.55 


1.47 


1.39 


1.33 


28 


2.46 


2.26 


2.09 


1.94 


1.81 


1.70 


1.61 


1.52 


1.44 


1.37 


29 


2.54 


2.33 


2.15 


2.00 


1.87 


1.76 


1.66 


1.57 


1.49 


1.42 


30 


2.62 


2.40 


2.22 


2.07 


1.93 


1.81 


1.71 


1.62 


1.53 


1.46 



I 
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Table I. 

Table of Values of -: 

8in a 



a 


= 21° 


22° 


23° 


24° 


25° 


-T-: T 

26° 


27° 


28° 


29° 


30° 


«o 






















10° 


.48 


.46 


.44 


.43 


.41 


.40 


.38 


.37 


.36 


.35 


11 


.53 


.51 


.49 


.47 


.45 


.43 


.42 


.41 


.39 


.38 


12 


.58 


.55 


.53 


.51 


.49 


.47 


.46 


.44 


.43 


.42 


13 


.63 


.60 


.58 


.55 


.53 


.51 


.49 


.48 


.46 


.45 


14 


.67 


.65 


.62 


.59 


.57 


.55 


.53 


.51 


.50 


.48 


15 


.72 


.69 


.66 


.64 


.61 


.59 


.57 


.55 


.53 


.52 


16 


.77 


.74 


.70 


.68 


.65 


• .63 


.61 


.59 


.57 


.55 


17 


.82 


.78 


.75 


.72 


.69 


.67 


.64 


.62 


.60 


.58 


18 


.86 


.82 


.79 


.76 


.73. 


.70 


.68 


.66 


.64 


.62 


19 


.91 


.87 


.83 


.80 


.77 


.74 


.72 


.69 


.67 


.65 


20 


.95 


.91 


.87 


.84 


.81 


.78 


.75 


.73 


.70 


.68 


21 


1.00 


.96 


.92 


.88 


.85 


.82 


.79 


.76 


.74 


.72 


22 


1.05 


1.00 


.96 


.92 


.89 


.85 


.82 


.80 


.77 


.75 


23 


1.09 


1.04 


1.00 


.96 


.92 


.89 


.86 


.83 


.81 


.78 


24 


1.13 


1.09 


1.04 


1.00 


.96 


.93 


.90 


.87 


.84 


.81 


25 


1.18 


1.13 


1.08 


1.04 


1.00 


.96 


.93 


.90 


.87 


.84 


26 


1.22 


1.17 


1.12 


1.08 


1.04 


1.00 


.97 


.93 


.90 


.88 


27 


1.27 


1.21 


1.16 


1.12 


1.07 


1.04 


1.00 


.97 


.94 


.91 


28 


1.31 


1.25 


1.20 


1.15 


1.11 


1.07 


1.03 


1.00 


.97 


.94 


29 


1.35 


1.29 


1.24 


1.19 


1.15 


1.11 


1.07 


1.03 


1.00 


.97 


30 


1.39 


1.33 


1.28 


1.23 


1.18 


1.14 


1.10 


1.06 


1.03 


1.00 



a 



— 910 



= 31 



32^ 



33* 



34< 



35^ 



36* 



37* 



38* 



39* 



40* 



«0 

10° 

11 

12 

13 

14 

15 

16 

17 

18 

19 

'20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



.34 
.37 
.40 
.44 
.47 
.50 
.53 
.57 
.60 
.63 
.66 
.70 
.73 
.76 
.79 
.82 
.85 
.88 
.91 
.94 
.97 



.33 
.36 
.39 
.42 
.46 
.49 
.52 
.55 
.58 
.61 
.64 
.68 
.71 
.74 
.77 
.80 
.83 
.86 
.89 
.91 
.94 



.32 
.35 
.38 

.41 

.44 

.47 

.51 

.54 

.57 

.60 

.63 

.66 

.69 

.72 

.75 

.78 

.80 

.83 

.86 

.89 

.92 



.31 

.34 

.37 

.40 

.43 

.46 

.49 

.52 

.55 

.58 

.61 

.64 

.67 

.70 

.73 

.76 

.78 

.81 

.84 

.87 

.89 



.30 
.33 
.36 
.39 
.42 
.45 
.48 
.51 
.54 
.57 
.60 
.62 
.65 
.68 
.71 
.74 
.76 
.79 
.82 
.84 
.87 



.29 
.32 
.35 

.38 
.41 
.44 
.47 
.50 
.53 

.OD 

.58 
.61 
.64 
.66 
.69 
.72 
. io 
.77 
.80 
.82 
.85 



.29 
.32 
.34 
.37 
.40 
.43 
.46 
.49 
.51 
.54 
.57 
.60 
.62 
.65 
.68 
.70 
.73 
.75 
.78 
.81 
.83 



.28 

.31 

.34 

.36 

.39 

.42 

.45 

.47 

.50 

.53 

.56 

.58 

.61 

.63 

.66 

.69 

.71 

.74 

.76 

.79 

.81 



.27 

.30 

.33 

.36 

.38 

.41 

.44 

.46 

.49 

.52 

.54 

.57 

.59 

.62 

.65 

.67 

.70 

.72 

.75 

.77 

.79 



.27 
.30 
.32 
.35 
.38 
.40 
.43 
.45 
.48 
.51 
.53 
.56 
.58 
.61 
.63 
.66 
.68 
.71 
.73 
.75 
.78 
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Table I. 

Table of Values of -: 

8in a 



a 


= 41° 


42° 


43° 


44° 


45° 


46° 


47° 


48° 


49° 


50° 


«o 






















10° 


.26 


.26 


.25 


.25 


.24 


.24 


.24 


.23 


.23 


.23 


11 


.29 


.28 


.28 


.27 


.27 


.26 


.26 


.26 


.25 


.25 


12 


.32 


.31 


.30 


.30 


.29 


.29 


.28 


.28 


.27 


.27 


13 


.34 


.34 


.33 


.32 


.32 


.31 


.31 


.30 


.30 


.29 


14 


.37 


.36 


.35 


.35 


.34 


.34 


.33 


.33 


.32 


.32 


15 


.39 


.39 


.38 


.37 


.37 


.36 


.35 


.35 


.34 


.34 


16 


.42 


.41 


.40 


.40 


.39 


.38 


.38 


.37 


.36 


.36 


17 


.45 


.44 


.43 


.42 


.41 


.41 


.40 


.39 


.39 


.38 


18 


.47 


.46 


.45 


.44 


.44 


.43 


.42 


.42 


.41 


.40 


19 


.50 


.49 


.48 


.47 


.46 


.45 


.44 


.44 


.43 


.42 


20 


.52 


.51 


.50 


.49 


.48 


.47 


.47 


.46 


.45 


.45 


21 


.55 


.54 


.53 


.52 


.51 


.50 


.49 


.48 


.47 


.47 


22 


.57 


.56 


.55 


.54 


.53 


.52 


.51 


.50 


.50 


.49 


23 


.60 


.58 


.57 


.56 


.55 


.54 


.53 


.53 


.52 


.51 


24 


.62 


.61 


.60 


.58 


.57 


.56 


.56 


.55 


.54 


.53 


25 


.64 


.63 


.62 


.61 


.60 


.59 


.58 


.57 


.56 


.55 


26 


.67 


.65 


.64 


.63 


.62 


.61 


.60 


.59 


,58 


.57 


27 


.69 


.68 


.67 


.65 


.64 


.63 


.62 


.61 


.60 


.59 


28 


.72 


.70 


.69 


.68 


.66 


.65 


.64 


.63 


.62 


.61 


29 


.74 


.72 


.71 


.70 


.69 


.67 


.66 


.65 


.64 


.63 


:^ 


.76 


.75 


.73 


.72 


.71 


.69 


.68 


.67 


.66 


.65 

• 



a 



10° 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



= 51° 



r;oo 



52 



.22 

.25 
.27 
.29 
.31 
.33 
.35 
.38 
.40 
.42 
.44 
.46 
.48 
.50 
.52 
.54 
.56 
.58 
.60 
.62 
.64 



.22 
.24 
.26 
.28 
.31 
.33 
.35 
.37 
.39 
.41 
.43 
.45 
.47 
.50 
.52 
.54 
.56 
.58 
.60 
.61 
.63 



r;Qo 



53 



.22 
.24 
.26 
.28 
.30 
.32 
.34 
.37 
.39 
.41 
.43 
.45 
.47 
.49 
.51 
.53 
.55 
.57 
.59 
.61 
.63 



54* 



.21 

.24 

.26 

.28 

.30 

.32 

.34 

.36 

.38 

.40 

.42 

.44 

.46 

.48 

.50 

.52 

.54 

.56 

.58 

.60 

.62 



s:?;o 



55 



.21 

.23 

.25 

.27 

.29 

.32 

.34 

.36 

.38 

.40 

.42 

.44 

.46 

.48 

.50 

.52 

.53 

.55 

.57 

.59 

.61 



56* 



.21 
.23 
.25 
.27 
.29 
.31 
.33 
.35 
.37 
.39 
.41 
.43 
.45 
.47 
.49 
.51 
.53 
.55 
.57 
.58 
.60 



57° 



.21 
.23 
.25 

.27 
.29 
.31 
..33 
.35 
.37 
.39 
.41 
43 
.45 
.47 
.48 
.50 
.52 
.54 
.56 
.58 
.60 



58* 



.20 
.22 
.24 
.26 
.28 
.30 
.32 
.34 
.36 
.38 
.40 
.42 
.44 
.46 
.48 
.50 
.52 
.53 
.55 
.57 
.59 



59* 



.20 
.22 
.24 
.26 
.28 
.30 
.32 
.34 
.36 
.38 
.40 
.42 
.44 
.46 
.47 
.49 
.51 
.53 
.55 
.57 
.58 



60* 



.20 
.22 
.24 
.26 
.28 
.30 
.32 
.34 
.36 
.38 
.39 
.41 
.43 
.45 
.47 
.49 
.51 
,52 
.54 
.56 
.58 
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Table I. 
Table of Values of 



8^n oq 
sin a 



a 



«o 

10° 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



— AlO 



= 61 



62* 



.20 
.22 
.24 
.26 
.28 
.30 
.31 
.33 
.35 
.37 
.39 
.41 
.43 
.45 
.46 
.48 
.50 
.52 
.54 
.55 
.57 



.20 
.22 
.23 
.25 
.27 
.29 
.31 
.33 
.35 
.37 
.39 
.41 
.42 
.44 
.46 
.48 
.50 
.51 
.53 
.55 
.57 



63* 



.19 
.21 
.23 
.25 
.27 
.29 
.31 
.33 

.:« 

.36 
.38 
.40 
.42 
.44 
.46 
.47 
.49 
.51 
.53 
.54 
.56 



64* 



.19 
.21 
.23 
.25 
.27 
.29 
.31 
.32 
.34 
.36 
.38 
.40 
.42 
.43 
.45 
.47 
.49 
.50 
.52 
.54 
.56 



65 



p;o 



.19 
.21 
.23 
.25 
.27 
.29 
.30 
.32 
.34 
.36 
.38 
.39 
.41 
.43 
.45 
.47 
.48 
.50 
.52 
.53 
.55 



66* 



.19 

.21 

.23 

.25 

.26 

.28 

.30 

.32 

.34 

.36 

.37 

.39 

.41 

.43 

.44 

.46 

.48 

.TjO 

.51 

.53 

.55 



67 



.19 
.21 
.23 
.24 
.26 
.28 
.30 
.32 
.34 
.35 
.37 
.39 
.41 
.42 
.44 
.46 
.48 
.49 
.51 
.53 
.54 



68* 



.19 

.21 

.22 

.24 

.26 

.28 

.30 

.31 

.33 

.35 

.37 

.39 

.40 

.42 

.44 

.46 

.47 

.49 

.51 

.52 

.54 



69* 



.19 
.20 
.22 
.24 
.26 
.28 
.29 
.31 
..33 
.35 
.37 
.38 
.40 
.42 
.44 
.45 
.47 
.49 
.50 
.52 
.54 



70* 



.18 
.20 
.22 
.24 
.26 
.27 
.29 
.31 
.33 
.35 
.36 
.38 
.40 
.42 
.43 
.45 
.47 
.48 
.50 
.52 
.53 



a 



«o 

10*» 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

'24 

25 

26 

27 

28 

29 

30 



= 7r 



J2° 



.18 
.20 
.22 
.24 
.25 
.27 
.29 
.31 
.33 
.34 
.36 
.38 
.40 
.41 
.43 
.45 
.46 
.48 
.50 
.51 
.53 



.18 
.20 
.22 
.24 
.25 
.27 
.29 
.31 
.32 
.34 
.36 
.38 
.39 
.41 
.43 
.44 
.46 
.48 
.49 
.51 
.53 



73* 



.18 

.20 

.22 

.23 

.25 

.27 

.29 

.30 

.32 

.34 

.36 

.37 

.39 

.41 

.42 

.44 

.46 

.47 

.49 

.51 
no 



74* 



.18 
.20 
.22 
.23 
.25 
.27 
.29 
.30 
.32 
.34 
.35 
.37 
.39 
.41 
.42 
.44 
.46 
.47 
.49 
.r)0 
.52 



75 



no 



.18 

.20 

.21 

.23 

.'25 

.27 

.28 

.30 

.32 

.U 

.35 

.37 

.39 

.40 

.42 

.44 

.45 

.47 

.49 

.50 

.52 



76* 



.18 

.20 

.21 

.23 

.25 

.27 

.28 

.30 

.32 

.33 

.35 

.37 

.39 

.40 

.42 

.43 

.45 

.47 

.48 

.50 

.51 



770 



7eo 



78 



.18 
.19 
.21 
.23 
.25 
.26 
.28 
.30 
.32 
.33 
.35 
.37 
.38 
.40 
.42 
.43 
.45 
.46 
.48 
.50 
.51 




.18 
.19 
.21 
.23 
25 
.26 
.28 
.30 
.31 
.33 
.35 
•37 
.38 
.40 
.41 
.43 
.45 
.46 
.48 
.49 
.51 



.18 
.19 
.21 
.23 
.25 
.26 
.28 
.30 
.31 
.33 
.35 
.36 
.38 
.40 
.41 
.43 
.45 
.46 
.48 
.49 
.51 



.18 
.19 
.21 
.23 
.24 
.26 
.28 
.30 
.31 
.33 
.35 
.36 
.38 
.40 
.41 
.43 
.44 
.46 
.48 
.49 
.51 



no 



Table I. 
Table of Values of — : 















sfin a 








a 


= 81° 


82° 


83° 


84° 


85° 


86° 


87° 


88° 


89° 


90° 


«o 




















10«* 


.17 


.17 


.17 


.17 


.17 


.17 


.17 


.17 


.17 


.17 


11 


.19 


.19 


.19 


.19 


.19 


.19 


.19 


.19 


.19 


.19 


12 


.21 


.21 


.21 


.21 


.21 


.21 


.21 


.21 


.21 


.21 


13 


.23 


.23 


.23 


.23 


.22 


.22 


.22 


.22 


.22 


.22 


14 


.24 


.24 


.24 


.24 


.24 


.24 


.24 


.24 


.24 


.24 


15 


.26 


.26 


.26 


.26 


.26 


.26 


.26 


.26 


.26 


.26 


16 


.28 


.28 


.28 


.28 


.28 


.28 


.28 


.27 


.27 


.27 


17 


.30 


.29 


.29 


.29 


.29 


.29 


.29 


.29 


.29 


.29 


18 


.31 


.31 


.31 


.31 


.31 


.31 


.31 


.31 


.31 


.31 


19 


.33 


.33 


.33 


.33 


.33 


.33 


.33 


.32 


.32 


.32 


20 


.35 


.34 


.34 


.34 


.34 


.34 


.34 


.34 


.34 


.34 


21 


.36 


.36 


.36 


.36 


.36 


.36 


.36 


.36 


.36 


.36 


22 


.38 


.38 


.38 


.38 


.38 


.37 


.37 


.37 


.37 


.37 


23 


.39 


.39 


.39 


.39 


.39 


.39 


.39 


.39 


.39 


.39 


24 


.41 


.41 


.41 


.41 


.41 


.41 


.41 


.41 


.41 


.41 


25 


.43 


.43 


.42 


.42 


.42 


.42 


.42 


.42 


.42 


.42 


26 


.44 


.44 


.44 


.44 


.44 


.44 


.44 


.44 


.44 


.44 


27 


.46 


.46 


.46 


.46 


.45 


.45 


.45 


.45 


.45 


.45 


28 


.47 


.47 


.47 


.47 


.47 


.47 


.47 


.47 


.47 


.47 


29 


.49 


.49 


.49 


.49 


.49 


.49 


.48 


.48 


.48 


.48 


30 


.51 


.50 


.50 


.50 


.50 


.50 


.50 


.50 


.50 


.50 



Ill 



Table II. 
Table of Values of 



tanoLQ 
tana 



a 


= 1° 


2o 


3«» 


4° 


5° 


6° 


r 


8« 


9° 


10° 


• 10° 


10.10 


5.05 


3.36 


2.52 


2.01 


1.68 


1.44 


1.25 


1.11 


1.00 


11 


11.14 


5.56 


3.71 


2.78 


2.22 


1.85 


1.58 


1.38 


1.23 


1.10 


12 


12.18 


6.09 


4.06 


3.04 


2.43 


2.02 


1.73 


1.51 


1.34 


1.20 


13 


13.23 


6.61 


4.40 


3.30 


2.64 


2.20 


1.88 


1.64 


1.46 


1.31 


14 


14.28 


7.14 


4.76 


3.57 


2.85 


2.37 


2.03 


1.77 


1.57 


1.41 


15 


15.35 


7.67 


5.11 


3.83 


3.06 


2.55 


2.18 


1.91 


1.69 


1.52 


16 


16.43 


8.21 


5.47 


4.10 


3.28 


2.73 


2.33 


2.04 


1.81 


1.63 


17 


17.51 


8.75 


5.83 


4.37 


3.49 


2.91 


2.49 


2.17 


1.93 


1.73 


18 


18.61 


9.30 


6.20 


4.65 


3.71 


3.09 


2.65 


2.31 


2.05 


1.84 


19 


19.73 


9.86 


6.57 


4.92 


3.94 


3,28 


2.80 


2.45 


2.17 


1.95 


20 


20.85 


10.42 


6.94 


5.20 


4.16 


3.46 


2.96 


2.59 


2.30 


2.06 


21 


21.99 


10.99 


7.32 


5.49 


4.39 


3.65 


3.13 


2.73 


2.42 


2.18 


22 


23.15 


11.57 


7.71 


5.78 


4.62 


3.84 


3.29 


2.87 


2.55 


2.29 


23 


24.32 


12.15 


8.10 


6.07 


4.85 


4.04 


3.46 


3.02 


2.68 


2.41 


24 


25.51 


12.75 


8.49 


6.37 


5.09 


4.24 


3.63 


3.17 


2.81 


2.52 


25 


26.71 


13.35 


8.90 


6.67 


5.33 


4.44 


3.80 


3.32 


2.94 


2.64 


26 


27.94 


13.97 


9.31 


6.97 


5.57 


4.64 


3.97 


3.47 


3.08 


2.77 


27 


29.19 


14.59 


9.72 


7.29 


5.82 


4.85 


4.15 


3.63 


3.22 


2.89 


28 


30.46 


15.23 


10.15 


7.60 


6.08 


5.06 


4.33 


3.78 


3.36 


3.01 


29 


31.76 


15.87 


10.58 


7.93 


6.34 


5.27 


4.51 


3.94 


3.50 


3.14 


30 


33.08 


16.53 


11.02 


8,26 


6.60 


5.49 


4.70 


4.11 


3.64 


3.27 



a 



10° 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



= 11° 


12° 


13° 


.91 


.83 


.76 


1.00 


.91 


.84 


1.09 


1.00 


.92 


1.19 


1.09 


1.00 


1.28 


1.17 


1.08 


1.38 


1.26 


1.16 


1.47 


1.35 


1.24 


1.57 


1.44 


1.32 


1.67 


1.53 


1.41 


1.77 


1.62 


1.49 


1.87 


1.71 


1.58 


1.97 


1.81 


1.66 


2.08 


1.90 


1.75 


2.18 


2.00 


1.84 


2.29 


2.09 


1.93 


2.40 


2.19 


2.02 


2 51 


2.29 


2.11 


2.62 


2.40 


2.21 


2.73 


2.50 


2.30 


2.85 


2.61 


2.40 


2.97 


2.72 


2.50 



14° 



W 



.71 
.78 
.85 
.93 
1.00 
1.07 
1.15 
1.23 
1.30 
1.38 
1.46 
1.54 
1.62 
1.70 
1.79 
1.87 
1.96 
2.04 
2.13 
2.22 
2.32 



.66 
.72 
.79 
.86 
.93 
1.00 
1.07 
1.14 
1.21 
1.28 
1.36 
1.43 
1.51 
1.58 
1.66 
1.74 
1.82 
1.90 
1.98 
2.07 
2.15 



16* 



.61 

.68 

.74 

.80 

.87 

.92 

1.00 

1.07 

1.13 

1.20 

1.27 

1.34 

1.41 

1.48 

1.55 

1 63 

1.70 

1.78 

1.85 

1.93 

2.01 



17° 


18° 


19° 


.58 


.54 


.51 


.64 


.60 


.56 


.69 


.65 


.62 


.75 


.71 


.67 


.82 


.77 


.72 


.88 


.82 


.78 


.94 


.88 


.83 


1.00 


.94 


.89 


1.06 


1.00 


.94 


1.13 


1.06 


1.00 


1.19 


1.12 


1.06 


1.26 


1.18 


1.11 


1.32 


1.24 


1.17 


1.39 


1.31 


1.23 


1.46 


1.37 


1.29 


1.52 


1.43 


1.35 


1.59 


1.50 


1.42 


1.67 


1.57 


1.48 


1.74 


1.64 


1.54 


1.81 


1.71 


1.61 


1.89 


1.78 


1.68 



20* 



.48 

.53 

.58 

.63 

.68 

.74 

.79 

.84 

.89 

.95 

1.00 

1.05 

1.11 

1.17 

1.22 

1.28 

1.34 

1.40 

1.46 

1.52 

1.59 
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Table II. 
Table of Values of 



tanoo 
tana 



a 



=21® 



22' 



23* 



24* 



26* 



26* 



27* 



28* 



29* 



30* 



10** 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



.46 

.51 

.55 

.60 

.65 

.70 

.75 

.80 

.85 

.90 

.95 

1.00 

1.05 

1.11 

1.16 

1.21 

1.27 

1.33 

1.38 

1.44 

1.50 



.44 

.48 

.53 

.57 

.62 

.66 

.71 

.76 

.80 

.85 

.90 

.95 

1.00 

1 05 

1.10 

1.15 

1.21 

1.26 

1.32 

1.37 

1.43 



.41 

.46 

.50 

.54 

.59 

.63 

.67 

.72 

.76 

.81 

.86 

.90 

.95 

1.00 

1.05 

1.10 

1.15 

1.20 

1.25 

1.31 

1.36 



.40 

.44 

.48 

.52 

.56 

.60 

.64 

.69 

.73 

.77 

.82 

.86 

.91 

.95 

1.00 

1.05 

1.09 

1.14 

1.19 

1.24 

1.30 



.38 

.42 

.46 

.49 

.53 

.57 

.61 

.66 

.70 

.74 

.78 

.82 

.87 

.91 

.95 

1.00 

1.05 

1.09 

1.14 

1.19 

1.24 



.36 

.40 

.44 

.47 

.51 

.55 

.59 

.63 

.67 

.71 

.75 

.79 

.83 

.87 

.91 

.96 

1.00 

1.04 

1.09 

1.14 

1.18 



.35 
.38 
.42 
.45 
.49 
.53 
.56 
.60 
.64 
.68 
.71 
.75 
.79 
.83 
.87 
.91 
.96 
1.00 
1.04 
1.09 
1.13 



.33 
.37 
.40 
.43 
.47 
.50 
.54 
.57 
.61 
.65 
.68 
.72 
.76 
.80 
.84 
.88 
.92 
.96 
1.00 
1.04 
1.09 



.32 
.35 
.38 
.42 
.45 
.48 
.52 
.55 
.59 
.62 
.66 
.69 
.73 
.77 
.80 
.84 
.88 
.92 
.96 
1.00 
1.04 



.30 
.34 
.37 
.40 
.43 
.46 
.50 
.53 
.56 
.60 
.63 
.66 
.70 
.73 
.77 
.81 
.84 
.88 
.92 
.96 
1.00 



a 



— fti© 



= 31 



32* 



33* 



34* 



35* 



36* 



37* 



38* 



39* 



40' 



10** 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



.29 
.32 
.35 
.38 
.41 
.45 
.48 
.51 
.54 
.57 
.61 
.64 
.67 
.71 
.74 
.78 
.81 
.85 
.88 
.92 
.96 



.28 
.31 
.34 
.37 
.40 
.43 
.46 
.49 
.52 
.55 
.58 
.61 
.65 
.68 
.71 
.75 
.78 
.81 
.85 
.89 
.92 



.27 
.30 
.33 
.36 
.38 
.41 
.44 
.47 
.50 
.53 
.56 
.69 
.62 
.66 
.69 
.72 
.75 
.78 
.82 
.85 
.89 



.26 
.29 
.31 
.34 
.37 
.40 
.42 
.45 
.48 
.51 
.54 
.57 
.60 
.63 
.66 
.69 
.72 
.75 
.79 
.82 
.86 



.25 
.28 
.30 
.33 
.36 
.38 
.41 
.44 
.46 
.49 
.52 
.55 
.58 
.61 
.64 
.67 
.70 
.73 
.76 
.79 
.82 



.24 
.27 
.29 
.32 
.34 
.37 
.39 
.42 
.45 
.47 
.50 
.53 
.56 
.58 
.61 
.64 
.67 
.70 
.73 
.76 
.79 



.23 
.26 
.28 
.31 
.33 
.36 
.38 
.41 
.43 
.46 
.48 
.51 
.54 
.56 
.59 
.62 
.65 
.68 
.71 
.74 
.77 



.23 
.25 
.27 
.30 
.32 
.34 
.37 
.39 
.42 
.44 
.47 
.49 
.52 
.64 
.67 
.60 
.62 
.65 
.68 
.71 
.74 



.22 
.24 
.26 
.28 
.31 
.33 
.35 
.38 
.40 
.42 
.45 
.47 
.50 
.52 
.55 
.58 
.60 
.63 
.66 
.68 
.71 



.21 
.23 
.26 
.27 
.30 
.32 
.34 
.36 
.39 
.41 
.43 
.46 
.48 
.61 
.53 
.56 
.58 
.61 
.63 
.66 
.69 
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Table II. 
Table of Values of 



tanaf^ 
tana 



a 


= 41° 


42° 


43° 


44° 


46° 


46° 


47° 


48° 


49° 


50° 


(h 






















10° 


.20 


.20 


.19 


.18 


.18 


.17 


.16 


.16 


.16 


.16 


11 


.22 


.22 


.21 


.20 


.19 


.19 


.18 


.17 


.17 


.16 


12 


.24 


.24 


.23 


.22 


.21 


.20 


.20 


.19 


.18 


.18 


13 


.27 


.26 


.25 


.24 


.23 


.22 


.21 


.21 


.20 


.19 


14 


.29 


.28 


.27 


.26 


.25 


.24 


.23 


.22 


.22 


.21 


15 


.31 


.30 


.29 


.28 


.27 


.26 


.25 


.24 


.23 


.22 


16 


.33 


.32 


.31 


.30 


.29 


.28 


.27 


.26 


.25 


.24 


17 


.35 


.34 


..33 


.32 


.31 


.29 


.28 


.27 


.27 


.26 


18 


.37 


.36 


.35 


.34 


.32 


.31 


.30 


.29 


.28 


.27 


19 


.40 


.38 


.37 


.36 


.34 


.33 


.32 


.31 


.30 


.29 


20 


.42 


.40 


.39 


.38 


.36 


.35 


.34 


.33 


.32 


.30 


21 


.44 


.43 


.41 


.40 


.38 


.37 


.36 


.36 


.33 


.32 


22 


.46 


.46 


.43 


.42 


.40 


.39 


.38 


.36 


.36 


.34 


23 


.49 


.47 


.46 


.44 


.42 


.41 


.40 


.38 


.37 


.36 


24 


.61 


.49 


.48 


.46 


.44 


.43 


.41 


.40 


..39 


.37 


25 


.54 


.52 


.60 


.48 


.47 


.45 


.43 


.42 


.40 


.39 


26 


.66 


.64 


.62 


.60 


.49 


.47 


.46 


.44 


.42 


.41 


27 


.69 


.67 


.66 


.53 


.51 


.49 


.47 


.46 


.44 


.43 


28 


.61 


.69 


.67 


.66 


.63 


.61 


.60 


.48 


.46 


.46 


29 


.64 


.62 


.69 


.67 


.55 


.63 


.52 


.50 


.48 


.46 


30 


.66 


.64 


.62 


.60 


.58 


.66 


.64 


.52 


.60 


.48 



a 


= 51° 


52° 


63° 


54° 


66° 


56° 


67° 


68° 


59° 


60° 


oo 




















10° 


.14 


.14 


.13 


.13 


.12 


.12 


.11 


.11 


.11 


.10 


11 


.16 


.15 


.15 


.14 


.14 


.13 


.13 


.12 


.12 


.11 


12 


.17 


.17 


.16 


.16 


.16 


.14 


.14 


.13 


.13 


.12 


13 


.19 


.18 


.17 


.17 


.16 


.16 


.15 


.14 


.14 


.13 


14 


.20 


.19 


.19 


.18 


.17 


.17 


.16 


.16 


.15 


.14 


15 


.22 


.21 


.20 


.19 


.19 


.18 


.17 


.17 


.16 


.15 


16 


.23 


.22 


.22 


.21 


.20 


.19 


.19 


.18 


.17 


.17 


17 


.25 


.24 


.23 


.22 


.21 


.21 


.20 


.19 


.18 


.18 


18 


.26 


.25 


.24 


.24 


.23 


.22 


.21 


.20 


.19 


.19 


19 


.28 


.27 


.26 


.25 


.24 


.23 


.22 


.21 


.21 


.20 


20 


.29 


.28 


.27 


.26 


.26 


.26 


.24 


.23 


.22 


.21 


21 


.31 


.30 


.29 


.28 


.27 


.26 


.26 


.24 


.23 


.22 


22 


.33 


.32 


.30 


.29 


.28 


.27 


.26 


.26 


.24 


.23 


23 


.34 


.33 


.32 


.31 


.30 


.29 


.28 


.26 


.25 


.24 


24 


.36 


.35 


.34 


.32 


.31 


.30 


.29 


.28 


.27 


.26 


26 


.38 


.36 


.35 


.34 


.33 


.31 


.30 


.29 


.28 


.27 


26 


.39 


.38 


.37 


.35 


.34 


.33 


.32 


.30 


.29 


.28 


27 


.41 


.40 


.38 


.37 


.36 


.34 


.33 


.32 


.31 


.29 


28 


.43 


.41 


.40 


.39 


.37 


.36 


.34 


.33 


.32 


.31 


29 


.46 


.43 


.42 


.40 


.39 


.37 


.36 


.36 


.33 


.32 


30 


.47 


.46 


.43 


.42 


.40 


.39 


.37 


.36 


.36 


.33 



114 



Table II. 

Table of Values of , ^ 

tana 



a 


=61° 


62° 


63° 


64° 


65° 


66° 


67° 


68° 


69° 


70° 


Oo 








■ 














10° 


.10 


.09 


.09 


.09 


.08 


.08 


.07 


.07 


.07 


.06 


11 


.11 


.10 


.10 


.09 


.09 


.09 


.08 


.08 


.07 


.07 


12 


.12 


.11 


.11 


.10 


.10 


.09 


.09 


.09 


.08 


.08 


13 


.13 


.12 


.12 


.11 


.11 


.10 


.10 


.09 


.09 


.08 


14 


.14 


.13 


.13 


.12 


12 


.11 


.11 


.10 


.10 


.09 


15 . 


.15 


.14 


.14 


.13 


.12 


.12 


.11 


.11 


.10 


.10 


16 


.16 


.15 


.15 


.14 


.13 


.13 


.12 


.12 


.11 


.10 


17 


.17 


.16 


.16 


.15 


.14 


.14 


.13 


.12 


.12 


.11 


18 


.18 


.17 


.17 


.16 


.15 


.14 


.14 


.13 


.12 


.12 


19 


.19 


.18 


.17 


.17 


.16 


.15 


.15 


.14 


.13 


.12 


20 


.20 


.19 


.18 


.18 


.17 


.16 


.15 


.15 


.14 


.13 


21 


.21 


.20 


.20 


.19 


.18 


.17 


.16 


.15 


.15 


.14 


22 


.22 


.21 


.21 


.20 


.19 


.18 


.17 


.16 


.15 


.15 


23 


.23 


.23 


.22 


.21 


.20 


.19 


.18 


.17 


.16 


.15 


24 


.25 


.24 


.23 


.22 


.21 


.20 


.19 


.18 


.17 


.16 


25 


.26 


.25 


.24 


.23 


.22 


.21 


.20 


.19 


.18 


.17 


26 


.27 


.26 


.25 


.24 


.23 


.22 


.21 


.20 


.19 


.18 


27 


.28 


.27 


.26 


.25 


.24 


.23 


.22 


.21 


.20 


.18 


28 


.29 


.28 


.27 


.26 


.25 


.24 


.23 


.21 


.20 


.19 


29 


.31 


.29 


.28 


.27 


.26 


.25 


.23 


.22 


.21 


.20 


30 


.32 


.31 


.29 


.28 


.27 


.26 


.24 


.23 


.22 


.21 



a 


= 71° 


72° 


73° 


74° 


75° 


76° 


77° 


78° 


79° 


80° 


tto 




















• 


10° 


.06 


.06 


.05 


.05 


.05 


.04 


.04 


.04 


.03 


.03 


11 


.07 


.06 


.06 


.06 


.05 


.05 


.04 


.04 


.04 


.03 


12 


.07 


.07 


.06 


.06 


.06 


.05 


.05 


.04 


.04 


.04 


13 


.08 


.07 


.07 


.07 


.06 


.06 


.05 


.05 


.04 


.04 


14 


.09 


.08 


.08 


.07 


.07 


.06 


.06 


.05 


.05 


.04 


15 


.09 


.09 


.08 


.08 


.07 


.07 


.06 


.06 


.05 


.05 


16 


.10 


.09 


.09 


.08 


.08 


.07 


.07 


.06 


.06 


.05 


17 


.10 


.10 


.09 


.09 


.08 


.08 


.07 


.06 


.06 


.05 


18 


.11 


.11 


.10 


.09 


.09 


.08 


.07 


.07 


.06 


.06 


19 


.12 


.11 


.10 


.10 


.09 


.09 


.08 


.07 


.07 


.06 


20 


.12 


.12 


.11 


.10 


.10 


.09 


.08 


.08 


.07 


.06 


21 


,13 


.12 


.12 


.11 


.10 


.10 


.09 


.08 


.07 


.07 


22 


.14 


.13 


.12 


.12 


.11 


.10 


.09 


.09 


.08 


.07 


23 


.15 


.14 


.13 


.12 


.11 


.11 


.10 


.09 


.08 


.07 


24 


.15 


.14 


.14 


.13 


.12 


.11 


.10 


.09 


.09 


.08 


25 


.16 


.15 


.14 


.13 


.12 


.12 


.11 


.10 


.09 


.08 


26 


.17 


.16 


.15 


.14 


.13 


.12 


.11 


.10 


.09 


.09 


27 


.17 


.17 


.16 


.15 


.14 


.13 


.12 


.11 


.10 


.09 


28 


.18 


.17 


.16 


.15 


.14 


.13 


.12 


.11 


.10 


.09 


29 


.19 


.18 


.17 


.16 


.15 


.14 


.13 


.12 


.11 


.10 


30 


.20 


.19 


.18 


.17 


.15 


.14 


.13 


.12 


.11 


.10 
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Table IX 
Table of Values of 



tanoo 
tana 



a 


= 81° 


82° 


83° 


84° 


85° 


86° 


87° 


88° 


89° 


90° 


ao 


















10° 


.03 


.02 


.02 


.02 


.01 


.01 


.01 


.01 


.00 





11 


.03 


.03 


.02 


.02 


.02 


.01 


.01 


.01 


.00 





12 


.03 


.03 


.03 


.02 


.02 


.01 


.01 


.01 


.00 





13 


.04 


.03 


.03 


.02 


.02 


.02 


.01 


.01 


.00 





14 


.04 


.03 


.03 


.03 


.02 


.02 


.01 


.01 


.00 





15 


.04 


.04 


.03 


.03 


.02 


.02 


.01 


.01 


.00 





16 


.04 


.04 


.03 


.03 


.02 


.02 


.01 


.01 


.00 





17 


.05 


.04 


.04 


.03 


.03 


.02 


.02 


.01 


.00 





18 


.05 


.05 


.04 


.03 


.03 


.02 


.02 


.01 


.00 





19 


.05 


.05 


.04 


.04 


.03 


.02 


.02 


.01 


.01 





20 


.06 


.05 


.04 


.04 


.03 


.02 


.02 


.01 


.01 





21 


.06 


.05 


.05 


.04 


.03 


.03 


.02 


.01 


.01 





22 


.06 


.06 


.05 


.04 


.03 


.03 


.02 


.01 


.01 





23 


.07 


.06 


.05 


.04 


.04 


.03 


.02 


.01 


.01 





24 


.07 


.06 


.05 


.05 


.04 


.03 


.02 


.01 


.01 





25 


.07 


.07 


.06 


.05 


.04 


.03 


.02 


.02 


.01 





26 


.08 


.07 


.06 


.05 


.04 


.03 


.02 


.02 


.01 





27 


.08 


.07 


.06 


.05 


.04 


.03 


.03 


.02 


.01 





28 


.08 


.07 


.06 


.05 


.05 


.04 


.03 


.02 


.01 





29 


.09 


.08 


.07 


.06 


.05 


.04 


.03 


.02 


.01 





30 


.09 


.08 


.07 


.06 


.05 


.04 


.03 


.02 


.01 
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Table of values 



Table IIL 
of O^Y from n = 0.01 to n = 5.00 





/l\i 


/1\* 




/l\i /l\l 




n\i 


/1\J 




/l\i 


/l\i 


n 


-4^) 


(«) 


n 


'H^) 


\^) 


n 


-4) 


(«-) 


H 


'<^) 


W 


0,00 




00 


0,35 


0,15198 


1,4190 


0,70 


0,05163 


1,1262 


1,50 


9,94130 


0,8736 


0,01 


0,66667 


4,6416 


0,36 


0,14790 


1,4057 


0,71 


0,04958 


1,1209 


1,60 


9,93196 


0,8550 


0,02 


0,56632 


3,6840 


0,37 


0,14393 


1,3929 


0,72 


0,04756 


1J157 


1,70 


9,92318 


0,8379 


0,03 


0,50763 


3,2183 


0,38 


0,14007 


1,3806 


0,73 


0,04556 


1,1106 


1,80 


9,91491 


0,8221 


0,04 


0,46598 


2,9240 


0,39 


0,13631 


1,3687 


0,74 


0,04359 


1,1056 


1,90 


9,90708 


0,8074 


0,05 


0,43368 


2,7144 


0,40 


0,13265 


1,3572 


0,75 


0,04165 


1,1006 


2,00 


9,89966 


0,7937 


0,06 


0,40728 


2,5544 


0,41 


0,12907 


1,3461 


0,76 


0,03973 


1,0958 


2,10 


9,89259 


0,7809 


0,07 


0,38497 


2,4264 


0,42 


0,12558 


1,3353 


0,77 


0,03784 


1,0910 


2,20 


9,88596 


0,7689 


0,08 


0,36564 


2,3208 


0,43 


0,12218 


1,3249 


0,78 


0,03597 


1,0863 


2,30 


9,87942 


0,7576 


0,09 


0,34859 


2,2314 


0,44 


0,11885 


1,3148 


0,79 


0,03412 


1,0817 


2,40 


9,87326 


0,7469 


oao 


0,33333 


2,1544 


0,45 


0,11560 


1,3050 


0,80 


0,03230 


1,0772 


2,50 


9,86735 


0,7368 


0,11 


0,31954 


2,0871 


0,46 


0,11241 


1,2954 


0,81 


0,03051 


1,0728 


2,60 


9,86168 


0,7272 


0,12 


0,30694 


2,0274 


0,47 


0, 10930 


1,2862 


0,82 


0,02873 


1,0684 


2,70 


9,85621 


0,7181 


0,13 


0,29535 


1,9740 


0,48 


0,10625 


1,2772 


0,83 


0,02697 


1,0641 


2,80 


9,85095 


0,7095 


0,14 


0,28462 


1,9259 


0,49 


0, 10327 


1,2684 , 


0,84 


0,02524 


1,0598 


2,90 


9,84587 


0,7012 


0,16 


0,27464 


1,8821 


0,50 


0, 10034 


1,2599 


0,85 


0,02353 


1,0557 


3,00 


9,84096 


0,6934 


0,16 


0,26529 


1,8420 


0,51 


0,09748 


1,2516 


0,86 


0,02183 


1,0516 


3,10 


9,83621 


0,6858 


0,17 


0,25650 


1,8051 


0,52 


0,09467 


1,2436 


0,87 


0,02016 


1,0476 


3,20 


9,83162 


0,6786 


0,18 


0,24824 


1,7711 


0,53 


0,09191 


1,2357 


0,88 


0,01851 


1,0436 


3,30 


9,82716 


0,6717 


0,19 


0,24042 


1,7395 


0,54 


0,08920 


1,2280 


0,89 


0,01687 


1,0396 


3,40 


9,82284 


0,6650 


0,20 


0,23299 


1,7100 


0,55 


0,08655 


1,2205 


0,90 


0,01525 


1,0357 


3,50 


9,81864 


0,6586 


0,21 


0,22593 


1,6824 


0,66 


0,08394 


1,2133 


0,91 


0,01365 


1,0319 


3,60 


9,81457 


0,6525 


0,22 


0,21919 


1,6565 


0,57 


0,08138 


1,2061 


0,92 


0,01207 


1,0282 


3,70 


9,81060 


0,6465 


0,23 


0,21276 


1,6321 


0,68 


0,07886 


1,1991 


0,93 


0,01051 


1,0245 


3,80 


9,80674 


0,6408 


0,24 


0,20660 


1,6091 


0,59 


0,07638 


1,1923 


0,94 


0,00896 


1,0208 


3,90 


9,80298 


0,6353 


0,25 


0,20068 


1,5874 


0,60 


0,07395 


1,1856 


0,96 


0,00743 


1,0172 


4,00 


9,79931 


0,6300 


0,26 


0,19501 


1,5668 


0,61 


0,07156 


1,1791 


0,96 


0,00591 


1,0137 


4,10 


9,79574 


0,6248 


0,27 


0,18955 


1,5472 


0,62 


0,06920 


1,1727 


0,97 


0,00441 


1,0102 


4,20 


9,79225 


0,6198 


0,28 


0,18428 


1,5286 


0,63 


0,06689 


1,1665 


0,98 


0,00292 


1,0068 


4,30 


9,78884 


0,6150 


0,29 


0,17920 


1,5108 


0,64 


0,06461 


1,1604 


0,99 


0,00145 


1,0034 


4,40 


9,78652 


0,6103 


0,30 


0,17429 


1,4938 


0,65 


0,06236 


1,1544 


1,00 


0,00000 


1,0000 


4,50 


9,78226 


0,6057 


0,31 


0,16955 


1,4776 


0,66 


0,06015 


1,1486 


1,10 


9,98620 


0,9687 


4,60 


9,77908 


0,6013 


0,32 


0, 16495 


1,4620 


0,67 


0,06798 


1,1428 


1,20 


9,97361 


0,9410 


4,70 


9,77597 


0,5970 


0,33 


0,16050 


1,4471 


0,68 


0,05583 


1,1372 


1,30 


9,96202 


0,9163 


4,80 


9,77292 


0,5928 


0,34 


0,15617 


1,4328 


0,69 


0,05372 


1,1317 


1,40 


9,95129 


0,8939 


4,90 


9,76993 


0,5888 


0,36 


0,15198 1,4190 


0,70 0,05163 


1,1262 


1,50 


9,94130 


0,8736 


5,00 


9,76701 


0,5848 
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Table IV. 
Table of Natural Tangents. 



0° 


.000 


23° 


.424 


45° 


1.000 


67° 


2.356 


1° 


.017 


24° 


.445 


46° 


1.035 


68° 


2.475 


2° 


.035 


25° 


.466 


47° 


1.072 


69° 


2.605 


3° 


.052 


26° 


.488 


48° 


1.111 


70° 


2.747 


4° 


.070 


27° 


.509 


49° 


1.150 


71° 


2.904 


6° 


.087 


28° 


.532 


50° 


1.192 


72° 


3.078 


6° 


.105 


29° 


.554 


51° 


1.235 


73° 


3.271 


7° 


.123 


30° 


.577 


52° 


1.280 


74° 


3.487 


8° 


.140 


31° 


.601 


53° 


1.327 


75° 


3.732 


9° 


.158 


32° 


.625 


54° 


1.376 


76° 


4.011 


10° 


.176 


33° 


.649 


55° 


1.428 


77° 


4.331 


11° 


.194 


34° 


.674 


56° 


1.482 


78° 


4.705 


12° 


.212 


35° 


.700 


57° 


1.540 


79° 


5.144 


13° 


.231 


36° 


.726 


58° 


1.600 


80° 


5.671 


14° 


.249 


37° 


.753 


59° 


1.664 


81° 


6.314 


15° 


.268 


38° 


.781 


60° 


1.732 


82° 


7.115 


16° 


.287 


39° 


.810 


61° 


1.804 


83° 


8.144 


17° 


.306 


40° 


.839 


62° 


1.881 


84° 


9.514 


18° 


.325 


41° 


.869 


63° 


1.963 


85° 


11.430 


19° 


.344 


42° 


.900 


64° 


2.050 


86° 


14.301 


20° 


.364 


43° 


.932 


65° 


2.144 


87° 


19.081 


21° 


.384 


44° 


.966 


66° 


2.246 


88° 


28.636 


22° 


.404 










89° 


57.290 
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Table V. 

Table for the reduction of the angles v observed with the 
Tiberg inclinator.* 

F^ = the angle observed with the inclinator with constant Aj^ 

V = the angle which corresponds to the angle F^ for an in- 
clinator with constant 1.0 H, 

V^ from 1 to 41 ; k^ from 0.50 H to 0.90 H, 













V 








v^ 


K 


K 




K 


K 


K 


K 


K 


K 




0,50 J/ 


0.55 J/ 


O.GOJ/ 


0.651/ 


0.10 H 
1 


0.15 H 


o.so^y 


0.85 ^y 


0.90 ^y 


1 


1 


1 


1 


1 


1 


1 


1 


1 


2 


1 


1 


1 


1 


1 


1 


2 


2 


2 


3 


2 


2 


2 


2 


2 


2 


2 


3 


3 


4 


2 


2 


2 


3 


3 


3 


3 


3 


4 


5 


3 


3 


3 


3 


4 


4 


4 


4 


4 


6 


3 


3 


4 


4 


4 


4 


5 


5 


5 


7 


4 


4 


4 


5 


5 


5 


5 


6 


6 


8 


4 


4 


5 


5 


6 


6 


6 


7 


7 


9 


5 


5 


5 


6 


6 


7 




8 


8 


10 


5 


6 


6 


7 


t 


8 


8 


9 


9 


11 


6 


6 


7 


7 


8 


8 


9 


9 


10 


12 


6 


7 


7 


8 


8 


9 


10 


10 


11 


13 


7 


7 


8 


9 


9 


10 


10 


11 


12 


14 


7 


8 


8 


9 


10 


11 


11 


12 


13 


15 


8 


8 


9 


10 


11 


11 


12 


13 


14 


16 


8 


9 


10 


11 


11 


12 


13 


14 


15 


17 


9 


10 


10 


11 


12 


13 


14 


15 


16 


18 


9 


10 


11 


12 


13 


14 


14 


15 


16 


19 


10 


11 


12 


13 


13 


14 


15 


16 


17 


20 


10 


11 


12 


13 


14 


15 


16 


17 • 


18 


21 


11 


12 


13 


14 


15 


16 


17 


18 


19 


22 


11 


13 


14 


15 


16 


17 


18 


19 


20 


23 


12 


13 


14 


15 


16 


17 


19 


20 


21 


24 


12 


14 


15 


16 


17 


18 


19 


21 


22 


25 


13 


14 


16 


17 


18 


19 


21 


22 


23 


26 


14 


15 


16 


18 


19 


20 


21 


22 


24 


27 


14 


16 


17 


18 


20 


21 


22 


23 


25 


'28 


15 


16 


18 


19 


20 


22 


23 


24 


25 


29 


15 


17 


18 


20 


21 


22 


24 


25 


26 


30 


16 


18 


19 


21 


22 


23 


25 


26 


27 


31 


17 


18 


20 


21 


23 


24 


26 


27 


28 


32 


17 


19 


21 


22 


23 


25 


26 


28 


29 


33 


18 


20 


21 


23 


24 


26 


27 


29 


30 


34 


19 


20 


22 


24 


25 


27 


28 


30 


31 


35 


19 


21 


23 


24 


26 


27 


29 


31 


32 


36 


20 


22 


24 


25 


27 


28 


30 


32 


33 


37 


21 


23 


24 


26 


28 


29 


31 


33 


34 


38 


21 


23 


25 


27 


29 


30 


32 


33 


35 


39 


22 


24 


26 


28 


30 


31 


33 


34 


36 


40 


23 


25 


27 


29 


30 


32 


34 


35 


37 


41 


23 


26 


28 


29 


31 


33 


35 


36 


38 



* *' Teknisk Tidskrift," Prof. W. Petersson, Berg-sskolan, Stockholm, Sweden, 
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Table V. — Continued. 

F^ from 42 to 90 ; k^ from 0.50 H to 0.90 K 





V 


F. 


K 


K 


K 


K 


^ 


K 


K 


K 


K 




o.so^y 

24 


0.56iy 
26 


28 


0.65 JI 
30 


0.70^ 
32 


0.1 5 If 


o.80iy 


0.85iy 
37 


0.90^ 


42 


34 


36 


39 


43 


25 


27 


29 


31 


33 


35 


37 


38 


40 


44 


26 


28 


30 


32 


34 


36 


38 


39 


41 


45 


27 


29 


31 


33 


36 


37 


39 


40 


42 


46 


27 


30 


32 


34 


36 


38 


40 


41 


43 


47 


28 


30 


33 


35 


37 


39 


41 


42 


44 


48 


29 


31 


34 


36 


38 


40 


42 


43 


46 


49 


30 


32 


35 


37 


39 


41 


43 


44 


46 


60 


31 


33 


35 


38 


40 


42 


44 


45 


47 


51 


32 


34 


36 


39 


41 


43 


45 


46 


48 


52 


33 


35 


38 


40 


42 


44 


46 


47 


49 


53 


34 


36 


39 


41 


43 


45 


47 


48 


60 


54 


34 


37 


40 


42 


44 


46 


48 


49 


51 


65 


35 


38 


41 


43 


45 


47 


49 


51 


62 


66 


36 


39 


42 


44 


46 


48 


60 


52 


53 


57 


37 


40 


43 


45 


47 


49 


61 


53 


64 


58 


39 


41 


44 


46 


48 


50 


62 


54 


56 


59 


40 


42 


45 


47 


49 


51 


63 


55 


56 


60 


41 


44 


46 


49 


50 


52 


64 


56 


58 


61 


42 


45 


47 


50 


51 


53 


65 


57 


68 


62 


43 


46 


48 


51 


63 


55 


66 


58 


69 


63 


44 


47 


50 


52 


64 


56 


67 


59 


60 


64 


46 


48 


51 


53 


65 


57 


69 


60 


62 


65 


47 


50 


52 


64 


56 


58 


60 


61 


63 


66 


48 


51 


53 


56 


68 


59 


61 


62 


64 


67 


50 


52 


55 


57 


69 


60 


62 


64 


66 


68 


51 


54 


56 


58 


60 


61 


63 


65 


66 


69 


52 


55 


57 


69 


61 


63 


64 


66 


67 


70 


54 


56 


59 


61 


62 


64 


66 


67 


68 


71 


55 


58 


60 


62 


64 


65 


67 


68 


69 


72 


57 


60 


62 


63 


65 


66 


68 


69 


70 


73 


58 


61 


63 


65 


66 


68 


70 


70 


71 


74 


60 


62 


64 


66 


68 


69 


71 


71 


72 


75 


62 


64 


66 


68 


69 


70 


71 


72 


73 


76 


63 


66 


67 


69 


70 


72 


73 


74 


75 


77 


65 


67 


69 


70 


72 


73 


74 


76 


76 


78 


67 


69 


70 


72 


73 


74 


76 


76 


77 


79 


69 


71 


72 


73 


74 


75 


76 


77 


78 


80 


71 


72 


74 


75 


76 


77 


78 


78 


79 


81 


72 


74 


75 


76 


77 


78 


79 


79 


80 


82 


74 


76 


77 


78 


79 


79 


80 


81 


81 


83 


76 


77 


78 


79 


80 


81 


81 


82 


82 


84 


78 


79 


80 


81 


81 


82 


• 83 


83 


83 


85 


80 


81 


82 


82 


82 


83 


84 


84 


84 


86 


82 


83 


84 


84 


84 


85 


85 


86 


86 


87 


84 


85 


85 


85 


86 


86 


86 


86 


87 


88 


86 


86 


87 


87 


87 


87 


87 


88 


88 


89 


88 


88 


89 


88 


89 


89 


89 


89 


89 


90 


90 


90 


90 


90 


90 


90 


90 


90 


90 
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Table V. — Continued. 

V^ from 1 to 49 ; k^ from 0.95 fi' to 1.40 H. 













V 










Vr. 


K 


K 


K 


K 


K 


K 


K 


K 


K 




0.95^ 


\MH 


lAOH 


\.\6H 


1.20^ 


1.25 i^ 


1.30 iV 


1.351/ 


\,4Qff 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


2 


2 


2 


2 


2 


2 


2 


2 


3 


3 


3 


3 


3 


3 


3 


3 


4 


4 


4 


4 


4 


4 


4 


4 


5 


5 


5 


5 


5 


6 


5 


5 


5 


5 


6 


6 


6 


6 


7 


7 


6 


5 


6 


7 


t 


7 


7 


8 


8 


8 


7 


6 


7 


8 


8 


8 


9 


9 


9 


10 


8 


7 


8 


9 


9 


10 


10 


10 


11 


11 


9 


8 


9 


10 


10 


11 


11 


12 


12 


12 


10 


9 


11 


11 


11 


12 


12 


13 


14 


14 


11 


10 


12 


12 


13 


13 


13 


14 


15 


15 


12 


11 


13 


13 


14 


15 


15 


16 


16 


17 


13 


12 


14 


14 


15 


16 


16 


17 


17 


18 


14 


13 


16 


15 


16 


17 


17 


18 


18 


19 


15 


14 


16 


16 


17 


18 


18 


19 


20 


21 


16 


15 


17 


18 


18 


19 


20 


20 


21 


22 


17 


16 


18 


19 


19 


20 


21 


22 


22 


23 


18 


17 


19 


20 


20 


22 


22 


23 


24 


24 


19 


18 


20 


21 


22 


23 


23 


24 


25 


26 


20 


19 


21 


22 


23 


24 


24 


26 


26 


27 


21 


20 


22 


23 


24 


25 


26 


27 


27 


28 


22 


21 


23 


24 


25 


26 


27 


28 


29 


30 


23 


22 


24 


25 


26 


27 


28 


29 


30 


31 


24 


23 


25 


26 


27 


28 


29 


30 


31 


32 


26 


24 


26 


27 


28 


,29 


30 


31 


32 


33 


26 


25 


27 


28 


29 


'30 


31 


32 


33 


34 


27 


26 


28 


29 


30 


31 


33 


34 


35 


36 


28 


27 


29 


30 


31 


33 


34 


35 


36 


37 


29 


28 


30 


31 


32 


34 


35 


36 


37 


38 


30 


29 


31 


32 


34 


35 


36 


37 


38 


39 


31 


30 


32 


33 


35 


36 


37 


38 


39 


40 


32 


31 


33 


35 


36 


37 


38 


39 


40 


41 


33 


32 


34 


36 


37 


38 


39 


40 


41 


42 


34 


33 


35 


37 


38 


39 


40 


41 


42 


43 


35 


34 


36 


38 


39 


40 


41 


42 


43 


44 


36 


35 


37 


38 


40 


41 


42 


43 


44 


45 


37 


36 


38 


40 


41 


42 


43 


44 


45 


46 


38 


37 


39 


41 


42 


43 


44 


45 


47 


47 


39 


38 


40 


42 


43 


44 


46 


46 


48 


48 


40 


39 


41 


43 


44 


45 


47 


47 


49 


50 


41 


40 


42 


44 


45 


46 


48 


48 


50 


51 


42 


41 


43 


45 


46 


47 


49 


49 


51 


52 


43 


42 


44 


46 


47 


48 


49 


50 


52 


63 


44 


43 


45 


47 


48 


49 


50 


61 


53 


53 


45 


44 


46 


48 


49 


50 


51 


52 


53 


54 


46 


45 


47 


49 


50 


51 


52 


53 


54 


55 


47 


46 


48 


50 


51 


52 


53 


54 


55 


56 


48 


47 


49 


51 


52 


53 


54 


66 


56 


57 


49 


48 


50 


52 


53 


54 


55 


56 


57 


58 
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Table V. — Continued. 

V^ from 50 to 90 ; k^ from 0.95 ^to 1.40 K 





V 


V. 


K 


K 


K 


K 


K 


K 


K 


K 


K 




0.951/ 


1,051/ 


1.10^ 


1.15iy 


1.20 iy 


1.25^ 


1.30 i^ 


I.S5I/ 


1.40J/ 


50 


49 


51 


53 


54 


55 


56 


57 


58 


59 


51 


50 


52 


54 


55 


56 


57 


58 


59 


60 


52 


51 


53 


55 


56 


67 


58 


59 


60 


61 


53 


52 


54 


56 


57 


58 


59 


60 


61 


62 


54 


53 


55 


57 


58 


59 


60 


61 


62 


63 


55 


54 


56 


58 


59 


60 


61 


62 


63 


64 


56 


55 


57 


58 


60 


61 


62 


63 


63 


64 


57 


56 


58 


59 


61 


62 


62 


63 


64 


65 


58 


57 


59 


60 


61 


63 


63 


64 


65 


66 


59 


58 


60 


61 


62 


63 


64 


65 


66 


67 


60 


59 


61 


62 


63 


64 


65 


66 


66 


68 


61 


60 


62 


63 


64 


65 


66 


67 


67 


68 


62 


61 


63 


64 


65 


66 


67 


68 


68 


69 


63 


62 


64 


65 


66 


67 


68 


69 


69 


70 


64 


63 


65 


66 


67 


68 


69 


69 


70 


71 


65 


64 


66 


67 


68 


68 


69 


70 


71 


72 


66 


65 


67 


68 


69 


69 


70 


71 


72 


72 


67 


66 


68 


69 


70 


70 


71 


72 


73 


73 


68 


67 


69 


70 


71 


71 


72 


73 


73 


74 


69 


68 


70 


71 


72 


72 


73 


74 


74 


75 


70 


69 


71 


72 


72 


73 


74 


74 


75 


76 


71 


70 


72 


73 


73 


74 


75 


75 


76 


76 


72 


71 


73 


74 


74 


75 


76 


76 


77 


77 


73 


72 


74 


75 


75 


76 


76 


77 


77 


78 


74 


73 


75 


75 


76 


77 


77 


78 


78 


78 


75 


74 


76 


76 


77 


78 


78 


79 


79 


79 


76 


75 


77 


77 


78 


79 


79 


80 


80 


80 


77 


76 


78 


78 


79 


80 


80 


80 


80 


81 


78 


77 


79 


79 


80 


80 


80 


81 


81 


81 


79 


78 


80 


80 


81 


81 


81 


81 


82 


82 


80 


79 


80 


81 


82 


82 


82 


82 


83 


83 


81 


81 


81 


82 


83 


83 


83 


83 


83 


83 


82 


82 


82 


83 


83 


83 


84 


84 


84 


84 


83 


83 


83 


84 


84 


84 


85 


84 


85 


85 


84 


84 


84 


85 


85 


85 


85 


85 


86 


86 


85 


85 


85 


85 


86 


86 


86 


86 


36 


86 


86 


86 


86 


86 


87 


87 


87 


87 


87 


87 


87 


87 


87 


87 


87 


87 


88 


88 


88 


87 


88 


88 


88 


88 


88 


88 


88 


88 


89 


88 


89 


89 


89 


89 


89 


89 


89 


89 


89 


89 


90 


90 


90 


90 


90 


90 


90 


90 


90 


90 
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Table V — Continued. 

V^ from 1 to 51 ; k^ from 1.45 H to 1.80 H, 





V 


Fn 


K 


K 


K 


K 


K 


K 


K 


K 




lAoJ/ 


1.50^ 


1.55^ 


1.60^ 


1.65 ^y 


1.70^ 


1,16 H 


1.80 i^ 


1 


1 


1 


2 


2 


2 


2 


2 


2 


2 


3 


3 


3 


3 


3 


3 


3 


3 


3 


4 


4 


5 


5 


5 


5 


6 


6 


4 


6 


6 


6 


6 


6 


^ 
i 


7 


7 


5 


7 


8 


8 


8 


8 


9 


9 


9 


6 


9 


9 


9 


10 


10 


10 


10 


10 


7 


10 


10 


11 


11 


12 


12 


12 


12 


8 


11 


12 


12 


13 


13 


13 


14 


14 


9 


13 


14 


14 


14 


15 


15 


16 


16 


10 


14 


15 


15 


16 


16 


17 


17 


18 


11 


16 


16 


17 


17 


18 


19 


19 


19 


12 


17 


17 


18 


19 


19 


20 


20 


21 


13 


19 


19 


20 


20 


21 


21 


22 


22 


14 


20 


21 


21 


22 


22 


23 


23 


24 


15 


21 


22 


23 


23 


24 


25 


25 


26 


16 


22 


23 


24 


25 


25 


26 


26 


28 


17 


24 


24 


25 


26 


27 


28 


28 


29 


18 


25 


26 


27 


28 


28 


29 


29 


30 


19 


27 


27 


28 


29 


30 


30 


31 


31 


20 


28 


28 


29 


30 


31 


31 


32 


33 


21 


29 


30 


31 


32 


32 


33 


34 


34 


22 


30 


31 


32 


33 


34 


34 


35 


36 


23 


32 


32 


33 


34 


35 


36 


37 


37 


24 


33 


33 


35 


35 


36 


37 


38 


38 


25 


34 


35 


36 


37 


38 


39 


39 


40 


26 


35 


36 


37 


38 


39 


40 


41 


41 


27 


37 


38 


38 


39 


40 


41 


42 


43 


28 


38 


39 


40 


40 


41 


42 


43 


44 


29 


39 


40 


41 


42 


43 


43 


44 


45 


30 


40 


41 


42 


43 


44 


45 


46 


46 


31 


41 


42 


43 


44 


45 


46 


47 


47 


32 


42 


43 


44 


45 


46 


47 


48 


48 


33 


43 


44 


45 


46 


47 


48 


49 


49 


34 


44 


45 


46 


47 


48 


49 


50 


60 


35 


45 


46 


47 


48 


49 


50 


51 


62 


36 


47 


47 


48 


49 


50 


51 


62 


63 


37 


48 


48 


49 


50 


51 


52 


53 


54 


38 


49 


49 


50 


51 


52 


53 


54 


55 


39 


50 


51 


51 


52 


53 


54 


56 


56 


40 


51 


52 


62 


53 


54 


55 


56 


57 


41 


52 


53 


53 


54 


55 


56 


57 


58 


42 


53 


53 


54 


55 


56 


57 


58 


69 


43 


54 


54 


55 


56 


57 


58 


69 


59 


44 


54 


55 


56 


57 


58 


59 


60 


60 


45 


55 


56 


57 


58 


59 


60 


60 


61 


46 


56 


57 


58 


59 


60 


61 


61 


62 


47 


57 


58 


59 


60 


60 


61 


62 


62 


48 


58 


59 


60 


60 


61 


62 


63 


63 


49 


59 


60 


61 


61 


62 


63 


64 


64 


50 


60 


61 


62 


62 


63 


64 


64 


65 


51 


61 


62 


62 


63 


64 


64 


65 


66 
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Table V. — Continued. 

V^ from 52 to 90 ; i^ from 1.45 H to 1.80 H. 





r 


Vn 


K 


*n 


K 


K 


K 


^n 


K 


K 




IA5// 


1.50// 


1,551/ 
63 


1.60 ^y 


IS5J/ 
65 


1.70^ 


1.75 ^y 

66 


1.80 ^y 


52 


62 


62 


64 


65 


68 


53 


63 


63 


64 


65 


66 


66 


67 


67 


54 


63 


64 


65 


66 


66 


67 


68 


67 


55 


64 


65 


66 


66 


67 


67 


68 


69 


56 


65 


66 


66 


67 


68 


68 


69 


69 


57 


66 


67 


67 


68 


69 


69 


70 


70 


58 


67 


67 


68 


69 


69 


70 


70 


71 


59 


68 


68 


69 


70 


70 


70 


71 


71 


60 


68 


69 


70 


70 


71 


71 


72 


72 


61 


69 


70 


70 


71 


71 


72 


72 


73 


62 


70 


70 


71 


72 


72 


73 


73 


74 


63 


71 


71 


72 


72 


73 


73 


74 


74 


64 


72 


72 


73 


73 


74 


74 


74 


75 


65 


73 


73 


73 


74 


74 


75 


75 


76 


66 


73 


73 


74 


74 


75 


75 


76 


77 


67 


74 


74 


75 


75 


76 


76 


76 


77 


68 


75 


75 


75 


76 


76 


77 


77 


77 


69 


75 


76 


76 


76 




77 


78 


78 


70 


76 


76 


77 


77 


78 


78 


78 


79 


71 


77 


77 


77 


78 


78 


79 


79 


79 


72 


77 


78 


78 


79 


79 


79 


80 


80 


73 


78 


78 


79 


79 


80 


80 


81 


80 


74 


79 


79 


80 


80 


80 


80 


81 


81 


75 


80 


80 


80 


80 


81 


81 


82 


82 


76 


80 


81 


81 


81 


81 


82 


82 


82 


77 


81 


81 


82 


82 


82 


82 


83 


83 


78 


82 


82 


82 


82 


83 


83 


83 


83 


79 


82 


83 


83 


83 


83 


83 


84 


84 


80 


83 


83 


83 


84 


84 


84 


84 


84 


81 


84 


84 


84 


84 


85 


85 


85 


85 


82 


84 


85 


85 


85 


85 


85 


85 


86 


83 


86 


85 


85 


86 


86 


86 


86 


86 


84 


86 


86 


86 


86 


86 


86 


86 


87 


85 


87 


87 


87 


87 


87 


87 


87 


87 


86 


87 


87 


87 


87 


88 


88 


88 


88 


87 


88 


88 


88 


88 


88 


88 


88 


88 


88 


89 


89 


89 


89 


89 


89 


89 


89 


89 


89 


89 


89 


89 


89 


89 


89 


89 


90 


90 


90 


90 


90 


90 


90 


90 


90 
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Table VI. 

Table of cot x and x° 



tan 








coLx 


^ 


tanv 




^„ 


tanv. 




0,0 


0,6405 


1,732 


30,0 


tanv^„ 






1.0000 


0,1250 


0,677 


60,0 


0,9099 


114,539 


0.5 


0,6397 


1,698 


30.6 


0.1194 


0,566 


60,6 


0,9995 


57.290 


1,0 


0,6208 


1,664 


31,0 


0,1139 


0,554 


61,0 


0,9990 


38,188 


1.5 


0,6199 




31,6 


0.1086 


0,543 


61,6 


0,9982 


28,636 


2,0 


0,6099 


1,600 


32,0 


0.1035 


0,532 


62,0 


0,9971 


22,904 


2.5 


0,5909 


1,570 


32,6 


0,0985 


0,621 


62,6 


0,9959 


19,081 


3.0 


0,5899 


1.540 


33,0 


0,0936 


0.510 


63,0 


0,0944 


16,350 


3.5 


0,5798 


1.511 


33,5 


0.0888 


0,499 


63,5 


0,9927 


14,301 


4.0 


0.5608 


1.483 


34,0 


0.0843 


0,488 


64,0 


0,900S 


12,706 


4,5 


0,5597 


1,465 


34.6 


0.0798 


0,477 


64,6 


0,0886 


11,430 


5.0 


0,5497 


1.428 


33.0 


0.0735 


0,466 


65,0 


0,0863 


10,385 


5.5 


0,5396 


1,402 


35,5 


0,0713 


0,456 


66,5 


0,0837 


9,614 


6.0 


0,5296 


1,376 


36,0 


0,0673 


0,445 


66,0 


0,9808 


8,777 


6.5 


0,5194 


1,351 


36.6 


0,0634 


0,435 


66,6 


0,9778 


8,144 


7,0 


0,6094 


1,327 


37.0 


0.0596 


0,424 


67,0 


0,9746 


7;596 


7,5 


0,4993 


lisos 


37,6 


0.0560 


0,414 


67,5 


0,9711 


7,116 


8,0 


0,4803 


1,280 


38,0 


0,0526 


0,404 


68,0 


0,9674 


6,691 


8,5 


0,4793 


1,257 




0,0492 


0,394 


68,6 


0,9635 


6,314 


0.0 


0,4694 


1,235 


39!o 


0.0460 


0,384 


69,0 


0,9594 


5,976 


9,5 


0,4504 


1,213 


39,5 


0,0430 


0,374 


69,6 


0,9551 


5,671 


10,0 


0,4405 


1.192 


40.0 


0,0400 


0.364 


70,0 


0.9506 


5,396 


10,5 


0,4397 


1,171 


40,5 


0,0372 


0,354 


70,5 


0,9459 


5,145 


11,0 


0,4299 


1,150 


41.0 


0.0346 


0,344 


71,0 


0,9410 


4,916 


11,5 


0,4201 


1,130 


41,5 


0.0319 


0,335 


71,5 


0,9359 


4,705 


13,0 


0.4104 


1,111 


42,0 


0.0295 


0,325 


72,0 


0,9306 


4,511 


12,5 


0,4008 


1,091 


42.5 


0.0272 


0,315 


72,5 


0.9251 


4;332 


13,0 


0,3912 


1,072 


43,0 


0.0260 


0,306 


73,0 


0.9194 


4,165 


13.5 


0.3817 


1.054 


43,5 


0,0229 


0,296 


73,5 


0,9135 


4,011 


14,0 


0,3722 


1,036 


44,0 


0,0209 


0,287 


74,0 


0,9075 


3,867 


14,5 


0,3628 


1,018 


44,5 


0.0191 


0,277 


74.5 


0,9012 


3,732 


15,0 


0,3536 


1,000 


46,0 


0,0173 


0,268 


75,0 


0,8048 


3,606 


15.5 


0,3443 


0,083 


46,6 


0,0157 


0,260 


75,5 


0,8882 


3,487 


16,0 


0,3352 


0,966 


46.0 


0.0142 


0.240 


76,0 


0,8815 


3,376 


16,5 


0,3262 


0,940 


46.6 


0.0127 


0,240 


78.5 


0,8746 


3,271 


17.0 


0.3172 




47,0 


0.0114 


0,231 


77,0 


0,8675 


3,172 


17.5 


0,3084 


0.016 


47.6 


0,0101 


0,222 


77,5 


0,8602 


3,078 


18,0 


0,2996 


0,900 


48,0 


0,0090 


0.213 


78,0 


0,8528 


2,989 


18,6 


0.2009 


0,885 


48,6 


0,0079 


0.203 


78,8 


0,8453 


2,904 


19,0 


0.2824 


0.869 


49.0 


0,0069 


0.194 


79,0 


0,8376 


2,824 


19,5 


0,2739 


0,854 


49.5 


0,0060 


0,188 


79,6 


0,8298 


2,748 


20,0 


0.2666 


0.839 


50,0 


0.0032 


0,176 


80,0 


0,8218 


2,675 


20,5 


0.2574 


0,824 


60.5 


0.0045 


0,167 


80,5 


0,8137 


2,605 


21,0 


0.2492 


0.810 


51.0 


0,0038 


0,158 


81,0 


0,8054 


3,639 


21,5 


0.2412 


0.796 


61,5 


0,0032 


0,140 


81,6 


0,7971 


2,475 


22,0 


0.2334 


0.781 


52,0 


0,0027 


0,141 


82,0 


0,7886 


2,414 


22,6 


0.2256 


0,767 


62.5 


0,0022 


0,132 


82,5 


0,7800 


2,356 


23,0 


0.2180 


0,754 


53,0 


0,0018 


0,123 


83,0 


0,7712 


2,300 


23,6 


0.2105 


0,740 


33,5 


0,0015 


0,114 


83,6 


0,7624 


2,246 


24,0 


0,2031 


0,726 


64,0 


0,0011 


0,106 


84,0 


0,7535 


2,194 


24,5 


0.1958 


0,713 


64,5 


0,0009 


0,096 


84,3 
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Table VI. — Continued 



tanv 



tanv 



max 



0,7444 
0,7353 
0,7261 
0,7168 
0,7074 
0,6979 
0,6883 
0,6787 
0,6691 
0,6593 
0,6495 



cot X 


x"" 


2,146 


25,0 


2,097 


25,5 


2,050 


26,0 


2,006 


26,6 


1,963 


27,0 


1,921 


27,5 


1,881 


28,0 


1,842 


28,5 


1,804 


29,0 


1,767 


29,6 


1,732 


30,0 



tan V 



tanv 



max 



0,1887 
0,1817 
0,1749 
0,1681 
0,1616 
0,1561 
0,1488 
0,1426 
0,1366 
0,1307 
0,1250 



cot X 


X 


0,700 


55,0 


0,687 


56,5 


0,674 


56,0 


0,662 


56,5 


0,649 


57 


0,637 


67,5 


0,625 


58,0 


0,613 


58,5 


0,601 


59,0 


0,589 


59,6 


0,577 


60,0 



tan V 



tanv. 



max 



0,0007 
0,0005 
0,0003 
0,0002 
0,0001 
0,0001 
0,0000 
0,0000 
0,0000 
0,0000 
0,0000 




0,087 
0,079 
0,070 
0,061 
0,052 
0,044 
0,035 
0,026 
0,017 
0,009 
0,000 



X 



85,0 
85,5 

86,0 
86,5 
87,0 
87,5 
88,0 
88,5 
89,0 
89,5 
90,0 
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